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CHAPTER 1. GENERAL INTRODUCTION 
Nonpoint-source pollution is one of the primary causes of water quality problems in 
the United States (USEPA, 2003a). Nonpoint-source pollution arising from agriculture ranks 
as the largest contributor of pollutants in rivers and lakes, and the third largest in estuaries 
surveyed by the Environmental Protection Agency (EPA) (USEPA, 2003b). Agricultural 
practices such as tillage, animal confinement, grazing, pesticide application, irrigation, 
fertilizer application, planting, and harvesting, contribute to agricultural nonpoint-source 
pollution (USEPA, 2003b). Agricultural production areas can be sources of sediment, 
nutrients, pesticides, pathogens, and salts that enter surface water (USEPA, 2003b). 
Livestock and crop production can also contribute P to surface water via runoff from 
pasture and crop land. Grazing influences soil nutrient levels, root dynamics, and nutrient 
uptake. Pastures and grazing lands can contribute significant amounts of nutrients to surface 
water due to grazing effects on the forage and soil environment. 
Soils can accumulate high amounts of nutrients, specifically P, that can potentially 
contribute to the degradation of surface water if lost in surface runoff. Soil test P levels can 
be an indicator of the potential for P to leave the system in runoff. Numerous studies have 
found relationships between soil test P and dissolved P in runoff (Sharpley et al., 1994). 
After soils have reached high soil test P levels, several years of crop removal is 
needed to deplete soils of excess P (Sharpley et al., 1993). Methods to remediate high P soils 
in situ have been studied to reduce P losses to surface water. Phytoremediation has been used 
to remove P from areas with extremely high soil test levels. Several hyperaccumulator 
species absorb significant amounts of P and translocate it to storage areas of the plant 
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(Delorme, et al., 2000). Plants could also be altered by genetic manipulation or chemically to 
induce P hyperaccumulation. If the plant biomass of the hyperaccumulator is harvested and 
removed, a reduction in soil phosphorus occurs. Application of compounds that increase root 
development and thus increase P uptake have also been studied. White lupin (Lupinus albus) 
grown in phosphonate solution has shown increases in proteioid (cluster) root development 
when the plants are phosphorus deficient (Gilbert et al., 2000). Along with the increase in 
root development, a 20-30% increase in P concentration in the shoots of lupin treated with 
phosphonate was observed. 
This thesis is a report on effectiveness of practices implemented to reduce phosphorus 
losses from pasture areas. A study was initiated in which several grazing practices were 
implemented on hill pastures in Central Iowa. Changes in soil and root characteristics due to 
grazing were monitored. Simulated rainfall events were conducted to quantify the impact of 
different grazing systems on the structure and growth of forage and the production of 
sediment and phosphorus in surface runoff. This study will provide a better understanding of 
the effects of grazing management on soil and forage grass characteristics. In a second 
study, the application of phosphonate, an active ingredient in fungicides, was evaluated for 
its ability to induce smooth bromegrass to accumulate higher amounts of P than control 
plants. 
Thesis organization 
This thesis is organized in j ournal manuscript format. Chapter 1 is a general 
introduction of the thesis content. Chapter 2 is a review of literature related to the research 
questions addressed. Chapter 3 is a paper on grazing management systems that minimize 
phosphorus losses from upland pastures that will be submitted to a scientifMic j ournal. 
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Chapter 4 is a paper on the accumulation of phosphorus of smooth bromegrass following 
phosphonate application which will also be submitted to a scientific j ournal. 
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Chapter 2. Literature Review 
Phosphorus and Water Quality 
Nonpoint-source pollution is one of the primary causes of water quality problems in 
the United States (USEPA, 2003a). Nonpoint-source pollution arising from agriculture ranks 
as the largest contributor of pollutants in rivers and lakes, and the third largest in estuaries 
surveyed by the Environmental Protection Agency (EPA) (USEPA, 2003b). Agricultural 
practices, such as tillage, animal confinement, grazing, pesticide application, irrigation, 
fertilizer application, planting, and harvesting, contribute to agricultural nonpoint-source 
pollution (USEPA, 2003b). Agricultural production areas can be sources of sediment, 
nutrients, pesticides, pathogens, and salts enter surface water (USEPA, 2003b). 
The nutrients that are of primary concern, nitrogen (N) and phosphorus (P), have been 
linked to algal blooms, loss of oxygen, fish kills, loss of biodiversity of aquatic life, and other 
environmental quality issues (Carpenter et al., 1998). Enrichment of N and P reduces water 
quality for drinking, agricultural production, recreation, and other uses. Nitrogen, carbon (C) 
and P are all necessary for algal growth to occur (Sharpley et al., 1994). Phosphorus often 
accelerates eutrophication in fresh water. In aquatic systems, the exchange of N and C 
through the water from the atmosphere is difficult to control, which leaves P as the limiting 
nutrient that increases algal growth and leads to eutrophication. 
Phosphorus is lost in both dissolved and particulate P forms in runoff (Sharpley et al., 
1994). Dissolved P is primarily in the plant available form of orthophosphate, which makes 
it easily accessible for uptake by aquatic organisms such as algae (Sharpley et al., 1994). 
Particulate P includes P sorbed by both soil colloids and organic matter (Sharpley et al., 
5 
1994). 
The two primary transport mechanisms by which P is lost from agricultural land are 
runoff and erosion (Sharpley et al., 1994). The main factors controlling P movement are the 
potential for P to be transported in runoff and sediment and the type and application method 
of P sources (Sharpley et al., 1993). Therefore, management practices are determining 
factors in the magnitude and form of P lost from land in agricultural production. 
Particulate P is the primary form of P transported from conventionally-tilled land 
during runoff events (Sharpley et al., 1994). Dissolved P typically dominates runoff from 
pasture or forestland because the above ground biomass filters much of the sediment 
(Sharpley et al., 1994). Conservation tillage practices that minimize soil erosion tend to 
minimize particulate P losses. However, Sharpley et al. (1993) found that dissolved P 
concentrations were greater in runoff from no-till areas than from conventionally tilled areas. 
To reduce P loss, methods of minimizing loss of fertilizer P sources from the surface soil 
have been developed. Subsurface placement of P fertilizers away from the runoff removal 
zone reduces the potential for P movement (Sharpley et al., 1993). Tillage practices that 
redistribute accumulated surface P can also minimize P loss from the soil surface (Sharpley 
et al., 1993). 
Excessive fertilizer application and poor management of manures from concentrated 
livestock operations are important nonpoint-sources of nutrient pollution from agricultural 
production (Carpenter et al., 1998). Amounts lost depend on management factors, such as 
time, rate, and method of application (Sharpley et al., 1994). Historically, manure 
application to cropland has been based on the N needs of the crop. Soil test P levels have 
therefore increased due to the lesser P needs of most crops (Sharpley et al., 1993). Livestock 
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production can also contribute P to surface water via runoff from pastureland. Pastures and 
grazing lands can contribute significant amount of P to surface water due to the effects 
grazing has on the forage grass and soil environment. Grazing can decrease soil cover and 
increase susceptibility to sediment loss (Mapfumo et al, 2002). 
Soil Response to Grazing Intensity 
Changes in soil nutrient levels can reflect long term effects of grazing management 
practices on the soil nutrient pool. Several studies have compared several grazing 
management strategies with a fallowed or ungrazed area to determine the effects of grazing. 
Nie et al. (1997) found little effect of 2 and 3-year fallow treatments on soil nutrients. Levels 
of P, potassium (K), sulfur (S), calcium (Ca), magnesium (Mg), organic carbon, organic S, 
mineral N, NH4+ and NO3"were tested. Potassium and mineral N levels were significantly 
higher (p<0.01 and 0.05, respectively) in the grazed treatment as compared with the 
fallowed, while levels of P and other nutrients did not change significantly. Milchunas and 
Lauenroth (1993) compiled a 236-site data set of various grazing studies from around the 
world. They found as many increases as decreases in soil C and N in response to grazing. 
No changes in total C and N were found in a 7-year study of heavy, moderate and ungrazed 
treatments by Biondini et al (1998). 
Mathews et al (1994) studied short-term rotational grazing, long-term rotational 
grazing, continuous grazing, and hay harvest treatments. Nitrogen and P levels did not differ 
among the pasture treatments in the 0-15 cm depth, but nutrients did tend to accumulate in 
greater concentrations around water sources, shade areas, and nutrient supplement feeders 
(Mathews et al., 1994). Spatial variability of nutrients has also been observed in other 
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studies. Fisher et al. (1998) studied total and extractable (acetic acid) phosphorus of surface 
soils in a grazed pasture. Total P ranged from 1085 to 1569 mg kg -1 and extractable P 
ranged from 14 to 42 mg kg -1 in the 27-m2-study area (Fisher et al., 1998). They concluded 
that individual plants could encounter substantial differences in soil P concentration within 
the pasture (Fisher et al., 1998). Variability in available soil nutrients can lead to inconsistent 
effects of grazing on pasture grass species. Changes in shoot and root length can influence 
nutrient uptake and thus, plant quality. 
Plant Response to Grazing Intensity 
Information on rooting patterns is important for predicting plant response to grazing 
(Svejcar and Christiansen, 1987). Changes in root dynamics also influence nutrient uptake. 
Otani and Ae (1996) found a strong correlation between root length and P uptake by several 
plant species growing in high P soils. 
Both increases and decreases of root length and mass due to various grazing 
intensities and management practices have been found. In a study by Mapfumo et al. (2002), 
light, medium and heavy grazing intensity affected three grass species. Root mass of smooth 
bromegrass was greater under medium grazing intensity as compared with the light grazing 
intensity (Mapfumo et al., 2002). Root biomass decreased significantly under fallowed 
treatments as compared with the grazed treatments in the 0-50 mm layer (Nie et al., 1997). 
Stocking rate and grazing treatment had no effect on above or below ground biomass in a 12- 
year study by Manley et al. (1997). 
Milchunas and Lauenroth (1993) analyzed data from 236 grazing sites and found no 
relationship between above ground production and root mass. The reduction of above 
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ground plant biomass affected below ground biomass both positively and negatively. Lorenz 
and Rogler (1967) compared root masses of moderately and heavily grazed treatments that 
had been grazed for 40 years. They found no significant differences between the root mass 
of each grazing treatment or an adjacent ungrazed plot. A larger percentage of roots were 
found at depths greater than 0.3 m in the moderately grazed treatment as compared to the 
heavily grazed treatment. The heavily grazed treatment contained a larger percentage of 
roots in the 0-0.3 m layer. Greenwood and Hutchinson (1998) found similar results when 
comparing root length densities. They found a larger percentage of roots near the soil surface 
at the higher grazing intensity. Nie et al. (1997) found that root biomass decreased with 
increasing depth below the soil surface for both ungrazed and grazed treatments. 
P losses from grazing systems 
Soil test P levels can be an indicator of the potential for P to leave the system in 
runoff. Numerous studies have found relationships between soil test P and dissolved P in 
runoff (Sharpley et al., 1994). A significant linear relationship was found when relating soil 
test (Mehlich-3) P in the 0-5 cm layer and dissolved P concentration in runoff from row 
cropped and grassland watersheds. Andraski and Bundy (2003) also found a relationship 
between several soil test P methods and dissolved and soluble P in runoff. They reported that 
most P extracted by agronomic and environmental soil tests correlates with dissolved P in 
simulated rainfall runoff. However, applications of manure, surface cover by corn residue, 
and low soil permeability weakened the relationship. Soil test P can be an indicator of P 
losses in runoff, although soils with the same test values can lose varying amounts of P in 
runoff (Sharpley et al., 1996). Differences can be due to management practices, climate, and 
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topography, all of which may have a larger effect on P losses in runoff than the soil test P 
levels. However, differences in pasture management can impact soil and plant characteristics 
as well as P movement to surface water. Reduction in above-ground biomass can reduce the 
filtration of P from runoff and affect below ground biomass and reduce its ability to hold the 
soil from erosion. 
Phosphorus indices have been developed to assist producers, conservation personnel, 
and others to provide information on the P loss potential of land areas (MRCS, 2001). 
Factors such as land management practices, topography, and soil characteristics are used to 
determine the P loss potential. Data collected on P losses from grazing systems gained from 
this study could be used to provide information for the Iowa P Index. 
Use of Phytoremediation and Implications for Managing P Losses 
In many agricultural production areas, soils contain P levels that exceed the needs of 
the crop (Sharpley et al., 1993). If soils containing excess P are subject to rainfall, P can be 
lost in runoff and can contribute to pollution of surface water. After soils have reached high 
soil test P levels, several years of crop removal are needed to deplete soils of excess P 
(Sharpley et al., 1993). Methods to remediate high P soils in situ have been researched to 
minimize P before it reaches surface water. 
Phytoremediation is a method in which plants are used to remove P from the areas of 
high soil test P. Efforts have focused primarily on hyperaccumulators, which translocate 
excess P from the soil to plant shoots (Delorme et al., 2000). Studies were conducted by 
Delorme et al. (2000) to assess the P uptake ability of several plant species. Indian mustard 
(Brassica juncea), rape oilseed (Brassica napus Essex), canola (Brassica napus Westar), corn 
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(Zea mays), red clover (Trifolium pratens L.), soybean (Glycene max (L.) Merr.), switchgrass 
(Panicum virgatum L.) broccoli (Brassica oleYcea var. Iitalica Plenk), tree kale (Brassica 
oleracea var viridis L.), Russian kale (Brassica oleracea L. Acephala Group) and collard 
(Brassica olercea L. Acephala Group) were selected based on their ability to accumulate 
higher than average foliar P concentrations (Delorme et al., 2000). In this study, collard and 
corn accumulated the highest P concentrations with 6.3 g kg"1 and 4.9 g kg 1 respectively, 
(Delorme et al., 2000). 
A greenhouse study by Gaston et al. (2003) evaluated P uptake abilities of five warm- 
season and five cool-season forage species. Alfalfa (Medicago sativa L.) and crabgrass 
(Digitaria sanguinalis L. Scop.) removed the largest amount of P on a total P basis compared 
with all other summer forages studied; and of the cool-season forages, annual ryegrass 
(Lolium multiflorun Lam.) removed the highest amount of P (Gaston et al., 2003). Average P 
uptake by alfalfa, crabgrass, and ryegrass was 80 mg P kg"1 of soil over five harvests during 
the six-month study (Gaston et al., 2003). 
Application of compounds that increase root development and thus increase P uptake 
have also been studied. White lupin (Lupinus albus) has shown increases in proteioid 
(cluster) root development when the plants are phosphorus deficient (Gilbert et al., 2000). 
White lupin also showed phosphorus deficiency responses when phosphonate, a common 
ingredient in fungicides was added to nutrient solutions of P sufficient plants (Gilbert et al., 
2000). A 20-30% increase in P concentration in the shoots of lupin treated with phosphonate 
was observed (Gilbert et al., 2000). A similar study by Carswell et al. (1996) explored the 
effects of phosphonate on oilseed rape (Brassica napus L. cv. Jet Neu in cell suspensions. 
It was found that phosphonate is harmful to the plant when grown in phosphorus deficient 
11 
environment (Carswell et al., 1996). 
The use of phytoremediation practices to remove P from areas with extremely high 
soil test levels has been studied. Several hyperaccumulator species have been found to uptake 
P and translocate it to storage areas of the plant. If the plant biomass of the 
hyperaccumulator is harvested, a reduction in soil phosphorus occurs. However, in areas 
with extreme soil test P levels, this method could take many years to decrease P levels. 
Phosphonate application to riparian species 
Another phytoremediation method involving the application of compounds that 
increase root development and P uptake has also shown promise in P removal from areas 
with high soil P concentrations. 
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CHAPTER 3. GRAZING MANAGEMENT SYSTEMS TO MINIMIZE 
PHOSPHORUS LOSSES FROM UPLAND PASTURES 
A paper to be submitted to the Journal of Environmental Quality 
Jamie L.Boehm, John L. Kovar, James Russell, and Mathew Haan 
ABSTRACT 
Phosphorus losses from agricultural lands that are grazed by livestock can have a significant 
negative impact on water quality. The purpose of this large interdisciplinary research project 
is to determine the effects of grazing management practices on phosphorus (P) losses from 
upland pastures in Iowa. In 2001, five grazing treatments, including an ungrazed control, hay 
and stockpile, rotational grazing to 10 cm, rotational grazing to 5 cm, and continuous grazing 
to 5 cm, were established in each of three adjacent pastures at a research farm in Marshall 
County, Iowa on Downs silt loam, Gara loam, and Colo-Ely complex soils. Soil nutrient 
dynamics, root length and root surface area density changes and correlation of soil test P to P 
in simulated runoff will be reported in this paper; all other data will be analyzed and reported 
elsewhere by other members of the research group. Initial total P, available P, labile P, root 
length density, and root surface area density were measured in each pasture. Rainfall 
simulations were conducted in June, August, and October 2001 and April, June, July, and 
October 2002. Plant available (Bray-1) P was determined at the time of each simulation and 
compared with total and soluble P in runoff. All measures of initial soil P varied with soil 
type and were highest in the surface soil layers. At the time of grazing management 
treatment establishment, root length density (RLD) and root surface area density (RSAD) 
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varied among paddocks and pastures, but differences were not statistically significant. After 
two complete grazing seasons, RLD in the 0-5 and 5-15 depths and RSAD in the 0-5 depth 
did not differ significantly. When comparing all grazed treatments to the ungrazed and hay 
for stockpile treatments, RSAD in the 5-15 cm depth, grazed treatments were slightly higher 
(p = 0.0569) suggesting that grazing increases RSAD in the subsurface depths. Soil test 
(Bray-1) P and soluble P in runoff were positively (p<0.10) correlated in the 10 cm rotational 
treatment in year 1 and in the 5 cm rotational treatment in year 1. Total P in runoff was 
significantly correlated with soil test P in the 5 cm rotational treatment in year 2. A 
significant correlation was also found between soil test P and particulate P in runoff in the 5 
cm rotational grazing treatment in year 2. The results of this study will provide information 
on improved grazing management practices, which will reduce amounts of P in runoff and 
maintain yield and quality of forage grasses. 
INTRODUCTION 
Phosphorus and Water Quality 
Nonpoint-source pollution is one of the primary causes of water quality problems in 
the United States (USEPA, 2003a). Nonpoint-source pollution arising from agriculture ranks 
as the largest contributor of pollutants in rivers and lakes, and the third largest in estuaries 
surveyed by the Environmental Protection Agency (EPA) (USEPA, 2003b). Agricultural 
practices such as tillage, animal confinement, grazing, pesticide application, irrigation, 
fertilizer application, planting, and harvesting, contribute to agricultural nonpoint-source 
pollution (USEPA, 2003b). Agricultural production areas can be sources of sediment, 
nutrients, pesticides, pathogens, and salts enter surface water (USEPA, 2003b). The nutrients 
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that are of primary concern, nitrogen (N) and phosphorus (P), have been linked to algal 
blooms, loss of oxygen, fish kills, loss of biodiversity of aquatic life and other environmental 
quality issues (Carpenter et al., 1998). 
Livestock and crop production can also contribute P to surface water via runoff from 
pasture and crop land. Pastures and grazing lands may contribute significant amounts of P to 
surface water due to the effects grazing has on the forage plants and soil environment. 
Soil Response to Grazing Intensity 
Several studies have assessed grazing management strategies and their effects on soil 
and root characteristics. Nie et al. (1997) found that 2 and 3-year fallow treatments had little 
effect on the majority of soil nutrients. Levels of P, potassium (K), sulfur (S), calcium (Ca), 
magnesium (Mg), organic carbon, organic S, mineral N, NH4+ and NO3- were measured. 
Potassium and mineral N levels were significantly higher (p< .O1 and .05, respectively) in the 
grazed treatment as compared with the fallowed, while levels of P and other nutrients did not 
change significantly (Nie et al., 1997). Milchunas and Lauenroth (1993) compiled a 236-site 
data set of various grazing studies from around the world. They found as many increases as 
decreases in soil C and N in response to grazing. 
Mathews et al (1994) studied short-term rotational grazing, long-term rotational 
grazing, continuous grazing, and hay harvest treatments. Nitrogen and P levels did not differ 
among the pasture treatments in the 0-15 cm depth, but nutrients did tend to accumulate in 
greater concentrations around water sources, shade areas, and nutrient supplement feeders. 
Spatial variability of nutrients has also been observed in other studies. Fisher et al. (1998) 
studied total and extractable (acetic acid) phosphorus of surface soils in a grazed pasture. 
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Total P ranged from 1085 to 1569 mg kg -~ and extractable P ranged from 14 to 42 mg kg -1
in the 27-m2 study area. They concluded that individual plants could encounter substantial 
differences in soil P concentration within the pasture (Fisher et al., 1998). Variability in 
available soil nutrients can lead to differences in plant nutrition and growth. Changes in 
shoot and root growth can influence nutrient uptake and thus, nutrient losses. 
Plant Response to Grazing Intensity 
Information on rooting patterns is useful for predicting plant response to grazing 
(Svejcar and Christiansen, 1987). Changes in root dynamics also influence nutrient uptake. 
Otani and Ae (1996) found a strong correlation between root length and P uptake from high P 
soils by several plant species. 
Both increases and decreases of root length and mass due to various grazing 
intensities and management practices have been found. In a study by Mapfumo et al. (2002), 
light, medium and heavy grazing intensity effects on three grass species was examined. Root 
mass of smooth bromegrass was greater under medium grazing intensity (initiated at 17 cm 
and stopped at 5 cm) as compared with the light grazing intensity (initiated at 26 cm and 
stopped at 7 cm). Nie et al. (1997) also found root biomass to decrease significantly under 
fallowed treatments as compared with the grazed treatments in the 0-50 mm layer. 
Milchunas and Lauenroth (1993) analyzed data from 236 grazing sites and found no 
relationship between above ground biomass production and root mass. The reduction of 
above ground plant biomass by grazing affected below ground biomass both positively and 
negatively. Greenwood and Hutchinson (1998) found that a larger percentage of roots were 
near the soil surface at a higher grazing intensity. Nie et al. (1997) found that root biomass 
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decreased with increasing depth below the soil surface for both ungrazed and grazed 
treatments. Changes in root length and surface area can influence P losses (Fisher et al., 
1998). Cropping systems that increase surface cover and soil protection can reduce sediment 
losses caused by rainfall impact (Rachman et al., 2003). 
P losses from grazing systems 
Soil test P levels can be an indicator of the potential for P to leave the system in 
runoff. Numerous studies have found relationships between soil test P and dissolved P in 
runoff (Sharpley et al., 1994). Andraski and Bundy (2003) found a relationship between 
several soil test P methods and dissolved and soluble P in runoff. They reported that most P 
extracted by agronomic and environmental soil tests correlates with dissolved P in simulated 
rainfall runoff (Andraski and Bundy, 2003). However, applications of manure, surface cover 
by corn residue, and low soil permeability were observed to weaken the relationship 
(Andraski and Bundy, 2003). Soil test P can be an indicator of P losses in runoff, although 
different soils with the same test values can lose varying amounts of P in runoff (Sharpley et 
al., 1996). Differences can be due to management practices, climate, and topography, all 
which may have a larger effect on P in runoff losses than the soil test P levels. 
In spring 2001, a field study was initiated in which several grazing practices were 
implemented on hill pastures in Central Iowa. The overall objectives for the study are; to 
quantify sediment, P, and nitrogen (N) in runoff from pastures grazed under different 
stocking systems, determine effectiveness of riparian buffer strips in controlling losses of 
sediment, P, and N under different forage management systems, quantify the impact of 
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animal nutrition and forage grazing management on P balances from grazing-based 
production systems, and develop site-specific models for Comprehensive Nutrient 
Management plans to control nutrient runoff from pastures through management of forage 
growth and harvest, animal nutrition and grazing strategies. Soil nutrient dynamics, root 
length and root surface area density changes and correlation of soil test P to P in simulated 
runoff will be reported in this paper; all other data will be analyzed and reported elsewhere 
by other members of the research group. Changes in soil and root characteristics were 
monitored and simulated rainfall events were conducted to quantify the impact of different 
grazing systems on the structure and growth of forage and the production of sediment and 
phosphorus in surface runoff. This study will provide a better understanding of the effects of 
grazing management on P losses and soil and forage characteristics. 
MATERIALS AND METHODS 
Site Characteristics 
The study was conducted at the Iowa State University Rhodes Research and 
Demonstration Farm near Rhodes in Central Iowa. Soils at the study site were Downs silt 
loam (fine-silty, mixed, mesic Mollic Hapludalf), Gara loam (fine-loamy, mixed, mesic 
Mollic Hapludalf), and Colo-Ely complex (fine-silty, mixed, mesic, Cumulic Haplaquoll, and 
fine-silty, mixed, mesic, Cumulic Hapludoll respectively). 
Three 2.75-hectare (ha) plots were established in a subwatershed of Clear Creek on a 
smooth bromegrass pasture on hills with shoulder slopes from 2 to 15°. Each plot was 
divided into five 0.4 ha paddocks and adjacent 0.15 ha buffers (Figure 1). Based on 
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preliminary soil test results taken in April 2001, phosphorus was applied to paddocks to 
establish an optimum level (11 to 15 ppm P20 5) only in paddocks testing lower than 
optimum P levels. Nitrogen was also applied as urea at a rate of 90 kg N/ha to all pastures. 
Sandbags were placed around the perimeter of each paddock to minimize cross-
contamination from neighboring paddocks in the event of natural rainfall. 
Grazing treatments were randomly assigned to each of the 5 paddocks in each plot. 
Treatments included; ungrazed control, summer hay harvest for winter stockpile, continuous 
stocking to a residual sward height of 5 cm, rotational stocking to a residual sward height of 
5 cm, and rotational stocking to a residual sward height of 10 cm. Grazing was initiated on 
May 29, 2001, with 3 mature cows in each summer grazing paddock. In the continuous 
stocking system, the cattle grazed until a 5 cm sward height was reached. Then, a 7 to 10 day 
rest period was allowed before cattle were reintroduced to limit regrowth and simulate 
continuous stocking. In the 5 and 10 cm rotational stocking systems, cattle were allowed to 
graze until the respective sward height was reached, then 35 day rest periods were initiated to 
stimulate regrowth. Forage sward heights were measured twice per week during the grazing 
season to determine when the cattle should be removed. In year one, mean total grazing days 
for the grazing season were 492, 378, and 289 cow-days ha 1 for the 5 cm continuous, 5 cm 
rotational, and 10 cm rotational stocking treatments, respectively. The hay for stockpile 
treatment paddocks were harvested and baled in June 2001 for first cutting hay. Regrowth 
was clipped in August to initiate forage stockpiling, but yield was inadequate to bale. Each 
hay for stockpile paddock was stocked with 2 cows in November 2001 and grazed to a 
residual sward height of 5 cm for a total of 47 cow-days ha 1. In year two, mean total grazing 
days for the grazing season were 400, 316, and 257 cow-days ha 1 for the 5 cm continuous, 5 
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cm rotational, and 10 cm rotational stocking treatments, respectively. The hay for stockpile 
treatments were harvested and baled in June 2002. Regrowth was again clipped in August 
2002 to initiate forage stockpiling, but yield was inadequate to bale. Each hay for stockpile 
paddock was stocked with 2 cows in November 2001 and grazed to a residual sward height 
of 5 cm for a total of 59 cow-days ha 1. 
Soil Analyses 
Soil samples were collected from individual paddocks to determine initial levels of 
surface and subsoil total P, plant available P, labile inorganic P, total C, and total N at the 
time of grazing management treatment establishment. Samples were collected with a 5.08 
cm diameter Giddings hydraulic probe. The cores were taken to a depth of 1 meter and 
divided into 0-5, 5-15, 15-30, 30-45, 45-60, 60-80, and 80-100 cm depth increments. Two 
cores were collected within each paddock and bulked for analysis. All samples were sieved 
to 2-mm particle size and stored moist prior to analysis. 
Total P was determined after nitric and hydrochloric acid (aqua regia) digestion (Kuo, 
1996). Plant available P was measured with the Bray —1 method (Bray and Kurtz, 1945). 
Labile-inorganic P, a measure of plant available P that uses exchange resins that act as a sink 
for P similar to a plant root, was also measured (Kuo, 1996). Phosphorus in all neutralized 
extracts was determined by the method of Murphy and Riley (1962). Total C (Nelson and 
Sommers, 1996) and total N (Bremner, 1996) were obtained using the combustion method. 
To evaluate the variability of plant available P within the entire research area, soil 
samples were taken in the center of 50-m grid cells across an area surrounding and including 
the three pastures. The samples were divided into 0-5 and 5-15 cm depth increments and 
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analyzed for plant available P with the Bray-1 method. Grid maps were developed with the 
ArcGIS 8 ArcMap software (ESRI, 2000). 
Root Analysis 
To determine initial root length density (RLD) and root surface area density (RSAD), 
Root soil cores were collected at the initiation of grazing in June of 2001 and again in 
October 2002 after two grazing seasons. Hand probes with a 3.81 cm diameter were used to 
collect 8 cores at random locations within each paddock. The cores were divided into 0-5 cm 
and 5-15 cm depth increments and bulked into one sample per paddock. Upon returning to 
the lab, samples were immediately frozen to preserve root tissue prior to analysis. The cores 
were processed using a hydropneumatic root separation system to separate root biomass from 
the soil (Smucker et al, 1982). The samples were processed further to remove debris, plant 
residue, and dead roots. To create contrast when scanning, samples were stained using a 
crystal violet solution prepared with 1 gram of crystal violet to 100 mL of water. Individual 
roots from each sub sample were arranged in water on glass trays and then scanned on a 
Hewlett Packard HP DeskScan II desktop scanner to obtain a digitized Tagged Image Format 
(TIF) image of the entire sample. The images were scanned at 600 x 600 dpi at brightness of 
155, scaling of 100%, and an 8.5-inch by 14.00-inch scanning area. These images were then 
analyzed using the ROOTEDGE software (Kaspar and Ewing, 1997). This program uses the 
edge chord algorithm (Ewing and Kaspar, 1997) to estimate root perimeter and length. 
ROOTEDGE measures area as the number of pixels occupied by root objects in the image.. 
The total length and width for each sample were used to calculate the surface area of the 
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roots (~*r2*h). Root length density and root surface area density were calculated by dividing 
the root length and surface area by the volume of soil sampled. 
Rainfall Simulations 
Rainfall simulations were conducted in June, August, and October of 2001 and April 
2002 (Grazing Year 1) and June, August, and October 2002 (Grazing Year 2). Six 
simulation sites, three with slopes ranging from 1 ° to 7° and three with slopes ranging form 
7° to 15° were selected in each paddock. The sites were georeferenced so that the simulation 
could be run in the same location each time. The drip-type rainfall simulators covered an 
area 0.5 m x 1 m with the uphill side of the simulator 1 m from the ground (Bowyer-Bower 
and Burt, 1989). The simulators were supplied water for rainfall from a large holding tank 
placed at the top of each simulator. The water was distributed through a drip pan and then 
through a mesh screen to randomly distribute the raindrops across the simulation plot. Each 
simulation ran for 1.5 hours each at a rate of 7.5 cm of rainfall per hour. A sample of runoff 
was taken every ten minutes during the simulation and added to a composite sample from 
which soluble P, total P, and sediment were measured. Soil cores were also taken to depths 
of 0-5 and 5-15 cm adjacent to plot borders during each simulation and were later analyzed 
for plant available (Bray-1) P. 
Statistical Analysis 
Treatment effects on RLD and RSAD were evaluated using the general linear model 
(GLM) (SAS, 1999). Correlation of soil test P to total, soluble P and particulate P 
24 
concentration in runoff was analyzed using the correlation procedure. All analyses were 
performed using SAS statistical software. 
RESULTS AND DISCUSSION 
Initial Soil Nutrient Characteristics 
At the time of establishment mean plant available (Bray-1) P ranged from 6 to 91 mg 
kg 1 for each treatment (Figure 2). Optimum plant available P is 11-15 mg kg -1 for 
bromegrass pastures (ISU Extension, 1999). Plant available (Bray —1) P values varied due to 
soil type and spatial variability in each pasture. Stratification of plant available P among the 
depth increments suggests that P in subsoil layers was absorbed by roots and deposited in the 
surface layer with the turnover of above ground biomass. Labile inorganic P values ranged 
from 6 to 82 mg kg 1 with the highest values found in the surface layer (Figure 3). Similar 
trends were evident for total P as the soil values ranged from 240 to 765 mg kg -1, with the 
highest found in the surface layers (Figure 4). Total C and total N values were also highest in 
the surface layer and decreased in the subsurface layers. Total C values (Figure 5) ranged 
from 0.21% to 3.7% and total N (Figure 6) ranged from 0.03% to 0.38%. Initial values of 
total P, total C, total N, Bray-1 P, and labile inorganic P will be compared to values taken at 
the completion of the grazing study in 2004 to assess long term effects of grazing 
management on soil nutrient characteristics. 
Grid maps of plant available (Bray —1) P in the 0-5 (Figure 7) and 5-15 cm (Figure 8) 
depths illustrate the spatial variability of plant available P throughout the research site. Bray 
values tended to be higher on the summit, footslope, and toeslope regions and lower on the 
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eroded backslopes. This reflects the previous use of this land as a row crop production area. 
Bray-1 P will be measured using the same grid at the completion of the grazing study in 2004 
and the Bray-1 P values will be compared those taken early in the study. 
Grazing Effects on Root Length and Surface Area Density 
Roots were sampled in June 2001 at the time grazing was initiated. Root length 
density and RSAD varied across treatments, pastures, and depths. Root length density did 
not significantly (p<_0.05) differ among treatments in either the 0-5 or 5-15 cm soil layers at 
the time of grazing initiation (Figure 9). There were also no significant differences in RSAD 
among treatments at either the 0-5 or 5-15 cm depth at the time of grazing establishment 
(Figure 10). 
After two grazing seasons, 'root samples were again collected in October 2002. Mean 
root length density (Figure 9) and RSAD (Figure 10) ranged from 38 to 57 cm cm -3 and 54 to 
84 cm 2 cm -3, respectively in the 0-5 cm depth. In the 5-15 cm layer, RLD ranged from 11 
to 17 cm cm -3 and RSAD ranged from 9 to 19 cm 2 cm -3 after two years of grazing. A trend 
of decreasing RLD (Figure 9) and RSAD (Figure 10) in the 0-5 layer of the ungrazed 
treatment could be the result of intraspecific competition. Nie et al. (1997) also found that 
root biomass significantly decreased under fallowed treatments as compared with the grazed 
treatments in the 0-5 cm depth. 
There were no significant differences in RLD (Figure 9) or RSAD (Figure 10) after 
two years of grazing (p>0.05) among grazing treatments for the 0-5 cm depth. Manley et al. 
(1997) found similar results as stocking rate and grazing treatment had no effect on above or 
below ground biomass in their 12-year study. However, when comparing the three grazed 
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treatments to the ungrazed and hay and stockpile treatments, RSAD in the 5-15 cm soil layer 
decreased slightly (p=0.057) after two years of grazing. This small decrease probably had 
little effect on the ability of the bromegrass to absorb water and nutrients. 
Phosphorus in Runoff 
Total, soluble, and particulate P measured from collected runoff were compared with 
soil test P for grazing year 1 (Figures 11, 12, and 13, respectively) and grazing year 2 
(Figures 14, 15, and 16, respectively). Data were log-transformed to produce normality and 
equal error variances. Soluble P was positively correlated (p<0.10) with soil test P in the 10 
cm rotational treatment in year and the 5 cm rotational treatment in year 2 (Table 1). Total P 
in runoff was significantly correlated with soil test P in the 5 cm rotational treatment in year 
2 (Table 1). Particulate P collected during simulated rainfall was also correlated with soil 
test P (Table 2). A significant correlation was found between soil test P and particulate P in 
the 5 cm rotational treatment in year 2. These results agree with Sharpley et al. (1994) who 
found significant linear relationships when relating soil test (Mehlich-3) P in the 0-5 cm layer 
and dissolved P concentration in runoff from grassland watersheds. Andraski and Bundy 
(2003) suggested that applications of manure, cover by residue on the soil surface, and low 
soil permeability weakened relationships between runoff P and soil test P, explaining the lack 
of significant relationships in the more heavily grazed treatments in this study. Sharpley et 
al. (1996) also found soil test P to be an indicator of P losses in runoff, however, soils with 
the same test values can lose varying amounts of P in runoff. Differences can also be due to 
management practices, climate, and topography, all of which may have a larger effect on P 
losses in runoff than the soil test P levels (Sharpley et al., 1996). 
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SUMMARY 
After two years, grazing has had little effect on RLD or RSAD in the 0-5 and 5-15 cm 
depths. Trends of higher RLD and RSAD in the 0-5 cm depth for the ungrazed treatments 
are evident. However, trends of decreasing RLD in the grazed treatments are apparent in the 
5 -15 cm depth. 
Total, soluble, and particulate P in simulated rainfall runoff was significantly 
correlated with soil test (Bray-1) P most frequently in the 5 cm rotational treatment. This 
suggests that surface cover, spatial variability in forage height, and variability in grazing 
patterns influence the correlations, decrease the relationships, and affect the potential for P 
losses from these pastures. 
Based on the results of this study, grazing management strategies have little effect on 
RLD and RSAD in the 0-5 and 5-15 cm depths, although continuation of the study may 
reflect long-term effects. Soil test P was related to total, soluble, and particulate P in runoff 
from grazed land, although heavily grazed and ungrazed pastures did not show significant 
relationships. Due to the large amount of variability in grazing systems, P in runoff is 
difficult to predict from only a soil test. Multiple factors influence phosphorus movement 
from pastures. 
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Figure 1. Pasture and paddock layout at the Rhodes farm in central Iowa. 
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Figure 2. Initial mean plant available (Bray —1) phosphorus for seven depth increments 
(cm) in the surface and subsoil for five grazing treatments. 
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Figure 3. Initial mean plant available labile inorganic phosphorus for three depth 
increments (cm) in the surface and subsoil rooting zone for five grazing treatments. 
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Figure 4. Initial mean total phosphorus for seven depth increments (cm) in the surface 
and subsoil for five grazing treatments. 
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Figure 5. Initial mean total carbon values for seven depth increments (cm) in the 
surface and subsoil for five grazing treatments. 
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Figure 6. Initial mean total nitrogen for seven depth increments (cm) in the surface and 
subsoil for five grazing treatments. 
0.5 
0.4 - 
0.1 - 
0.0 
® 0-5 cm 
5-15 cm 
`~~ : " 15-30 cm 
1 30-45 cm 
  45-60 cm 
60-80 cm 
  80-100 cm 
Hay/Stockpile Ungrazed 10 cm Rotational 5 cm Rotational 5 cm Continuous 
Grazing Treatment 
34 
Figure 7. Plant available (Bray-1) phosphorus in the 0-5 cm depth increment taken in 
the center of 50-meter georeferenced grids in and surrounding the three pastures at the 
Rhodes Farm Grazing Research site in Central Iowa. 
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Figure 8. Plant available (Bray-1) phosphorus in the 5-15 cm depth increment taken in 
the center of 50-meter georeferenced grids in and surrounding the three pastures at the 
Rhodes Farm Grazing Research site in Central Iowa. 
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Figure 9. Mean root length density (RLD) at two depth increments taken before the 
initiation of grazing and after two years of grazing. 
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Figure 10. Mean root surface area density (RSAD) at two depth increments taken 
before the initiation of grazing and after two years of grazing. 
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Table 1. Correlation of flow weighted total and soluble P in runoff from simulated 
rainfall to soil test (Bray-1) P taken at each simulation site. 
,. 
Year Grazing Treatment __ _______ Slope......~ ...............Intercept..~r.s..r.M 
Soluble P regressions 
1 Hay and Stockpile 
1 Ungrazed 
1 10 cm Rotational 
1 5 cm Rotational 
1 5 cm Continuous 
2 Hay and Stockpile 
2 Ungrazed 
2 10 cm Rotational 
2 5 cm Rotational 
2 5 cm Continuous 
1 Hay and Stockpile 
1 Ungrazed 
1 10 cm Rotational 
1 5 cm Rotational 
1 5 cm Continuous 
2 Hay and Stockpile 
2 Ungrazed 
2 10 cm Rotational 
2 S cm Rotational 
2 5 cm Continuous 
* Significant at the p<0.10 level. 
0.5448 
0.3735 
-0.8537 
-0.3227 
0.2157 
0.0617 
0.6486 
0.2652 
-1.0816 
0.1708 
-2.2293 
-2.4198 
-0.3110 
-0.8321 
-1.5815 
-2.2830 
-3.3245 
-2.3015 
-0.5623 
-1.8907 
0.0218 
0.0320 
0.0926 
0.0166 
0.0107 
0.0009 
0.0533 
0.0279 
0.0777*
0.0083 
Total P regressions 
0.1212 
0.1230 
-0.5686 
-0.3746 
0.0846 
-0.0237 
0.0423 
0.2457 
-0.9073 
-0.2880 
-1.5829 
-2.0090 
-0.7948 
-0.7640 
-1.2394 
-1.7454 
-2.2498 
-2.0289 
-0.6459 
-0.8969 
0.0016 
0.0027 
0.0397 
0.0250 
0.0031 
0.0002 
0.0004 
0.0378 
0.0878*
0.0368 
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Table 2. Correlation of flow-weighted particulate P in runoff from simulated rainfall to 
soil test (Bray-1) P taken at each simulation site. 
Year Grazing Treatment 
1 Hay and Stockpile 
1 Ungrazed 
1 10 cm Rotational 
1 5 cm Rotational 
1 5 cm Continuous 
2 Hay and Stockpile 
2 Ungrazed 
2 10 cm Rotational 
2 5 cm Rotational 
2 5 cm Continuous 
* Significant at the p<0.10 level. 
Slope_.  ~ Intercept r2
Particulate P regressions 
0.5489 -2.6056 0.0263 
-0.1572 -1.9977 0.0060 
-0.4186 -1.1719 0.0402 
-0.5768 -0.7734 0.0675 
-0.1683 -1.4803 0.0082 
-0.1912 -1.9784 0.0078 
-0.3293 -2.1329 0.0217 
0.1132 -2.2020 0.0074 
-0.9932 -0.9081 0.1080 
-0.2833 -1.2205 0.0163 
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Figure 11. Relationship of soil test P and total P in runoff for grazing year 1. 
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Figure 12. Relationship of soil test P and soluble P in runoff for grazing year 1. 
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Figure 13. Relationship of soil test P and particulate Pin runoff for grazing year 1. 
1 
0-
'~ -1 -
tw 
~ -2 -
a~ 
c~ 
~ -3 - .
c~ 
a 
ao 
~ -4 - 
-5 - 
-6 
-1 
Hay for Stockpile 
Ungrazed 
10 cm Rotational 
5 cm Rotational 
5 cm Continuous 
0 1 
Log Bray-1 P mg kg-1
2 3 
Figure 14. Relationship of soil test P and total P in runoff for grazing year 2. 
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Figure 15. Relationship of soil test P and soluble P in runoff for grazing year 2. 
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Figure 16. Relationship of soil test P and particulate P in runoff for grazing year Z. 
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CHAPTER 4. GROWTH AND PHOSPHORUS ACCUMULATION OF 
BROMEGRASS FOLLOWING PHOSPHONATE APPLICATION. 
Jamie L. Boehm, John L. Kovar, and Deborah L.Allan 
ABSTRACT 
Excessive application of fertilizers and manure to agricultural land has caused soil 
test phosphorus (P) to reach very high levels in some areas. Methods to remediate high P 
soils in situ are of interest to minimize P losses to surface water. Phytoremediation is one 
practice that can be used to remove P from soils with extremely high soil test levels. Two 
separate studies were initiated to evaluate the ability of phosphonate, an active ingredient in 
common fungicides, to induce smooth bromegrass (Bromus inermis) to accumulate more P 
than untreated control plants. In the first study, smooth bromegrass was grown in a 
controlled-environment chamber in pots of Clarion (fine loamy, mixed, mesic, Typic 
Hapludoll) silt-loam with very high (80 mg kg 1) levels of Bray-1 P. The bromegrass 
received treatments of 4 and 16 kg ha -1 phosphonate. In the second study, smooth 
bromegrass was grown in a controlled climate in pots of Clarion silt loam with optimum (13 
mg kg -1) levels of Bray-1 P. The plants received phosphonate treatments of 11 and 22 kg ha 
-l. In the very high P soils, plants receiving phosphonate had a significantly higher P 
concentration per gram dry weight of leaf tissue than control plants. In the optimum P soils, 
only plants receiving 16 kg ha -1 phosphonate had significantly higher tissue P 
concentrations. Although previous studies suggest that increased uptake is due to increased 
fine root production, no differences were found in root biomass between phosphonate-treated 
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plants and control plants in either study. Nevertheless, our results suggest that after further 
study, phosphonate application could be used to induce hyperaccumulation of P by riparian 
buffer grasses, reducing the potential for P to enter adjacent surface water. 
INTRODUCTION 
In many agricultural production areas, including both row-crop and pasture land, soils 
contain P levels that exceed the needs of the crop. When soils with excess P receive rainfall, 
P can be lost in runoff and can contribute to degradation of surface water. After soils have 
reached high soil test P levels, several years of crop removal are needed to deplete excess P 
(Sharpley et al., 1993). Methods to remediate high P soils in situ are of interest to minimize 
P losses to surface water. 
Phytoremediation practices have been used to remove P from soils with extremely 
high soil test levels. Several hyperaccumulator species absorb significant amounts of P and 
translocate it to storage areas of the plant (Delorme, et al., 2000). If the plant biomass of the 
hyperaccumulator is harvested and removed, a reduction in soil phosphorus occurs. 
Studies conducted by Delorme et al. (2000) assessed the ability of several plant species to 
accumulate P from soil with 521 mg kg t of Mehlich-1 extractable P. Indian mustard 
(Brassica juncea), oilseed rape (Brassica napus Essex), canola (Brassica napus Westar), corn 
(Zea mays), red clover (Trifolium pratens L.), soybean (Glycene max (L.) Merr.), switchgrass 
(Panicum virgatum L.) broccoli (Brassica olercea var. Iitalica Plenk), tree kale (Brassica 
oleracea var viridis L.), Russian kale (Brassica oleracea L. Acephala Group) and collard 
(Brassica oleYcea L. Acephala Group) were selected based on their ability to accumulate 
higher than average foliar P concentrations. In this study, collard and corn accumulated the 
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highest P concentrations of 6.3 g kg 1 and 4.9 g kg"1 of plant dry matter, respectively. 
However, in areas with high soil test P levels, this method could take many years to decrease 
P levels. 
In a similar study, Gaston et al. (2003) evaluated P accumulation by five warm- 
season and five cool-season forage species grown in pots in a greenhouse. Alfalfa 
(Medicago sativa L.) and crabgrass (Digitaria sanguinalis L. Scop.) removed the largest 
amount of P compared with all other summer forages studied. Of the cool-season forages, 
annual ryegrass (Lolium multifloYun Lam.) removed the highest amount of P. Average P 
uptake by alfalfa, crabgrass, and ryegrass was 80 mg P kg t of soil over five harvests during 
the six-month study. 
Rather than screen a large number of diverse species, a better approach maybe to use 
an adapted species to accumulate P from soil. Plants might be altered chemically to induce P 
hyperaccumulation. Application of compounds that increase both root development and P 
uptake has been studied. White lupin (Lupinus albus) has shown increases in proteioid 
(cluster) root development when the plants are phosphorus deficient (Gilbert et al., 2000). 
White lupin also has shown phosphorus deficiency responses when phosphonate, an active 
ingredient in fungicides, was added to nutrient solutions of P sufficient plants. A 20-30% 
increase in P concentration in the shoots of lupin treated with phosphonate was observed. A 
similar study by Carswell et al. (1996) explored the effects of phosphonate on oilseed rape 
(Brassica napus L. cv. Jet Neu fl in cell suspensions. They found that phosphonate is harmful 
to the plant when grown in phosphorus deficient environment (Carswell et al., 1996). Little 
information is available on the effect of phosphonate application to other species. 
Two studies were conducted to evaluate the ability of phosphonate to enable smooth 
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bromegrass, a common species in riparian areas, to accumulate more P than untreated control 
plants. In the first study, bromegrass was grown in very high P Clarion silt loam soil to 
evaluate phosphonate application affects on P uptake ability. The second study evaluated the 
ability of bromegrass to remove P from Clarion silt loam with optimum P, when plants 
received phosphonate. 
MATERIALS AND METHODS 
Two separate experiments were conducted. In the first study, smooth bromegrass was 
grown in Clarion silt loam soil with very high soil test P levels (Table 1). The soil was 
collected from the surface (0-15) cm layer in a farm field in Hamilton County, Iowa. The 
soil was sieved to a 2-mm particle size and stored moist prior to use in this study. Soil (2 kg 
oven-dry basis) was placed in pots, and deionized water was added to bring the soil to 80% 
of field capacity water content. Bromegrass then was planted at a rate of 1 gram of seed per 
pot. Pots were placed in acontrolled-climate chamber. Temperature was maintained at a 
constant 30° C in a 16/8 hour day night cycle. Relative humidity was maintained at 75%. 
The phosphonate solution was prepared by neutralizing a solution of phosphorous acid 
(H3P03) with potassium hydroxide (KOH) as described by Carswell et al. (1996). Rates 
were formulated according to recommended fungicide application rates of 2 to 6 kg ha t per 
application with a maximum of seven applications per season (Bayer, 2002). The 
phosphonate solution was applied 18 and 22 days after planting. In this study application 
rates were applied at the recommended rate of 4 kg ha 1 and at a higher than recommended of 
16 kg ha 1. Control plants received an application of deionized water. The above and below- 
ground biomass was harvested 29 days after planting. The leaf tissue was dried and ground 
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to prepare for analyses. The roots were washed free of soil using the techniques of Bohm 
(1979), and fresh and dry weights were obtained. Leaf tissue concentration of P was 
determined after digestion with sulfuric acid and hydrogen peroxide (Mills and Jones, 1996). 
In the second study, Clarion silt loam was collected from the surface (0-15) cm layer 
in research plots at a farm in Boone County, Iowa. In this case, the soil had optimum levels 
of available P (Table 1). The soil was sieved to a 2-mm particle size and stored moist prior 
to use in this study. Soil (2 kg oven-dry basis) was placed in pots, and deionized water was 
added to bring the soil to 80% of field capacity water content. The seeding rate was 
increased to 2 grams of seed per pot to increase soil surface cover. Pots were placed in a 
controlled-climate chamber. Temperature was maintained at a constant 30° C in a 16/8 hour 
day night cycle. Relative humidity was maintained at 75%. The phosphonate solution was 
sprayed onto the bromegrass 17 and 21 days after planting. The phosphonate solution was 
applied at a higher than recommended rate of 11 kg ha 1 and at twice the higher rate at 22 kg 
ha 1 in this study. Control plants received an application of deionized water. In this study, the 
effects of KOH were also examined by application of a KOH solution to another set of 
plants. The above-ground biomass was harvested 25 after planting. The leaf tissue was dried 
and ground to prepare for analyses. The roots were washed free of soil using the techniques 
of Bohm (1979), and fresh and dry weights were obtained. Leaf tissue concentration of P 
was determined after digestion with sulfuric acid and hydrogen peroxide (Mills and Jones, 
1996). 
S1 
Statistical Analysis 
In each study, three replications of each treatment were used in a completely 
randomized design. Treatment effects were evaluated using the general linear models (GLM) 
procedure of the SAS statistical software (SAS, 1999). Total P uptake data for plants grown 
in very high P soils were log-transformed to produce normality and equal error variances. 
RESULTS AND DISCUSSION 
Root biomass, above ground plant biomass, and root to shoot ratios of bromegrass 
were not affected by phosphonate treatments. Gilbert et al. (2000) found increases in root 
development; however, no differences were found in root biomass between phosphonate 
applications and the control plants in either study (Figures 1 and 2). Above ground plant 
biomass (Table 2) and root to shoot ratios (Figures 3 and 4) also did not differ from the 
untreated control plants. 
In the very high P soil, plants receiving phosphonate treatments of 16 kg ha -1 had 
significantly (p<0.05) higher P concentration per gram dry weight of leaf tissue than control 
plants, suggesting that at application rates greater than those recommended for use as a 
fungicide, phosphonate increased P tissue concentration of smooth bromegrass when grown 
in very high P soils under controlled-environment conditions (Table 2). At application rates 
recommended for fungicide use (4 kg ha -'), P tissue concentrations of phosphonate-treated 
plants did not differ when compared to the control plants. Total P uptake of plants grown in 
very high P soils and receiving phosphonate applications did not differ from the control 
plants. 
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The tissue P concentrations of plants grown in optimum P soils receiving 11 kg ha 1
phosphonate did not differ from tissue P concentrations of the control plants (Table 2). 
However, plants receiving the higher treatment of 22 kg ha"1 phosphonate had significantly 
lower P tissue concentrations than all other treatments. Total P uptake was significantly 
lower (p<0.0001) in plants grown in optimum P soils receiving 22 kg ha 1 phosphonate when 
compared to the control plants (Table 2). Subtraction of the amount of phosphorus applied 
from total P uptake was used to account for the P applied in the phosphonate solution. 
Decreases in total P uptake for the plants grown in optimum P soils receiving 22 kg 
phosphonate per hectare probably reflect losses of applied phosphonate to the soil. 
Application of higher rates increased the possibility for runoff of phosphonate from 
the leaves onto the soil surface during application. Given that total P applied with the 
phosphonate solution was taken into account when tissue P concentrations were calculated, 
decreases in tissue P of the plants receiving 22 kg ha 1 phosphonate probably reflect losses of 
applied phosphonate to the soil. There were no differences between P concentrations of 
control plants and those receiving applications of KOH (Table 2). The result of increased P 
tissue concentration with the application of 16 kg ha -1 are similar to the results found by 
Gilbert et al (2000) who found an increase in P concentration in the shoots of lupin treated 
with phosphonate. 
SUMMARY 
Phosphonate application significantly increased tissue concentration of plants grown 
in very high P soils when applied at rates higher than recommended for fungicide use. 
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Increased root development observed in other studies was not evident in root biomass 
measurements. 
Additional controlled-climate experiments are planned to compare phosphorus 
accumulation of bromegrass grown in soils of high and low plant available P after 
phosphonate application. Phosphonate application methods will be modified to minimize 
loss to the soil surface. 
Field studies are also planned to assess the influence of phosphonate application on 
bromegrass P uptake in riparian areas. It maybe possible to apply phosphonate to grasses in 
riparian areas to increase P uptake abilities of these species. Harvest and removal of 
bromegrass with high P concentration would reduce the potential for P to enter adjacent 
surface water. 
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Table 1. Soil chemical properties of Clarion silt loam (fine loamy, mixed, mesic Typic 
Hapludoll) collected from two locations in central Iowa and used for the phosphonate 
study. Optimum Bray-1 extractable P is 11-15 mg kg -1 for bromegrass grown on this 
soil. 
Location Soil pH P (Bray-1) K Ca Mg Na 
._. ...~...~....~~..~_.. .. ..~...........~.~. mg  kg =~......M...~..~ .. ...........~..~.~..~....~....~.~~..a..~.~..~.......~~.~..~...._.........  _ . ~ ._ . ~. .. 
Boone County, IA 6.45 13 122 ~+ ~+ 
~+ 
Hamilton County, IA 6.48 80 485 3045 394 71 
ND+ = No Data 
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Table 2. Dry matter yield, P tissue content, and total P removed from soil for smooth 
bromegrass treated with phosphonate and grown in Clarion silt loam with optimum 
and high levels of plant available P. 
N33Y/YbYiSktii:JiJBDfY/.6:YHHbS~H/.L9.kDy49Y.~SY/bU//.U.~d~6H.fW/J//b6Y.6.~://///sA~' 
Soil Test P Phosphonate 
(Bray-1) Applied  Wtia 
mg kg 
_ . .~ kg...~a._~..~... 
80 
80 
80 
0 (Control) 
4 
16 
13 0 (Control) 
13 0 (KOH) 
13 11 
13 22 
61Y3N1.6Y .Y/////.91SY/.6Y//wi4JS7Y1191916 .6556/.9lSSY//HssfCU3~w..~G4sw....FWi3:li3F~Gt5919J6Y.S:N55SbH/b9Lf /.S// 
Dry Matter Tissue P Content 
Yield 
g 
6.51 ±0.1266' 
5.75 ±0.0777 
6.24 ±0.4180 
2.23 ±0.0843 
2.17 ±0.1900 
2.08 ±0.1708 
2.12 ±0.0666 
Total P Removed 
µg g 1 dry matter 
3547.31 ±105.62 
3684.43 ±61.11 
3826.89 ±140.54* 
1636.04 ±48.30 
1773.13 ±169.91 
2357.52 ±752.91 
126.66 ±383.17** 
~' standard deviation 
* Significant at the p<0.05 level. ** Significant at the p<0.001 level. 
~mg~ kg==~...~ Soil 
11.76 ±0.2380 
10.36 ±0.3185 
11.96 ±1.2256 
1.81 ±0.0542 
1.92 ±0.1723 
2.41 ±0.6171 
0.41 ±0.4143 
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Figure 1. Root biomass of smooth bromegrass grown in high P Clarion silt loam after 
application of three rates of phosphonate. Bars represent standard deviation of the 
mean. 
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Figure 2. Root biomass of smooth bromegrass grown in optimum P Clarion silt loam 
after application of three rates of phosphonate. Potassium (as KOH) was applied at a 
rate of 20 kg ha —1 in the + K treatment. Bars represent standard deviation of the mean. 
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Figure 3. Shoot to root ratio of smooth bromegrass grown in very high P Clarion silt 
loam after application of three rates of phosphonate. Bars represent standard deviation 
of the mean. 
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Figure 4. Shoot to root ratio of smooth bromegrass grown in optimum P Clarion soils 
after application of two rates of phosphonate (kg ha -i) and control treatments. Bars 
represent standard deviation of the mean. 
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Appendix I 
Flow weighted phosphorus in runoff from rainfall simulations conducted at the 
Rhodes farm in central Iowa. 
Year Treatment Bray-1 P Total P in runoff 
0-5 cm depth kg ha -1
~mg kg 1) 
Soluble P 
kg ha ~ 1
Particulate P 
kg ha -1
1 HST 16.1449 0.1038 0.1988 -0.0950 
1 HS 7.6765 0.0531 0.1357 -0.0826 
1 HS 8.6022 0.0773 0.1023 -0.0250 
1 HS 8.2535 0.0329 3.5466e-3 0.0293 
1 HS 14.9963 . ~ 
1 HS 36.7530 
1 HS 29.0073 0.1482 0.1961 -0.0479 
1 HS 35.7984 0.3440 0.2597 0.0843 
1 HS 22.9882 0.2959 0.2095 0.0865 
1 HS 28.4329 
1 HS 28.7768 0.0711 0.0800 -8.8390e-3 
1 HS 34.5768 0.1836 0.2052 -0.0216 
1 HS 21.5806 0.0795 0.0932 -0.0137 
1 HS 13.9832 0.0771 0.0599 0.0172 
1 HS 15.5797 0.3100 0.1761 0.1340 
1 HS 27.1647 0.223 9 0.1816 0.0423 
1 HS 15.4915 0.0710 0.0526 0.0184 
1 HS 11.0983 0.0660 0.0833 -0.0172 
1 HS 20.2676 0.0794 0.0814 -1.9753e-3 
1 HS 10.1908 0.0477 0.0286 0.0191 
1 HS 14.1872 0.1561 0.1035 0.0526 
1 HS 14.3856 
1 HS 12.0843 
1 HS 30.1894 0.0407 0.0521 -0.0114 
1 HS 37.1517 
1 HS 32.7787 0.0214 0.0294 -7.9214e-3 
1 HS 21.3776 0.1520 0.1208 0.0312 
1 HS 38.1542 9.9957e-4 1.3546e-3 -3.5502e-4 
1 HS 34.2640 
1 HS 25.9831 0.1245 0.1048 0.0196 
1 HS 17.5982 0.0367 
1 HS 11.9982 0.0392 0.0881 -0.0489 
1 HS 19.6803 0.0898 0.0726 0.0172 
1 HS 22.6785 3.1030e-3 0.0116 -8.4764e-3 
1 HS 15.0699 0.0472 0.0436 3.6329e-3 
1 HS 10.2918 0.0136 9.3556e-3 4.2860e-3 
1 HS 13.9916 
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1 HS 17.5719 6.3339e-3 
1 HS 19.4718 
1 HS 6.6920 
1 HS 12.3913 
4.9331 e-3 1.4008e-3 
1 HS 36.0675 0.0360 0.0391 -3.0688e-3 
1 HS 21.3466 
1 HS 32.2452 
1 HS 26.1490 
1 HS 25.923 5 
1 HS 3 3.6764 
1 HS 36.0243 
1 HS 30.0835 
1 HS 8.1877 0.1603 
1 HS 17.1897 2.4419e-3 2.3028e-3 1.3910e-4 
1 HS 29.8567 
1 HS 46.9226 
1 HS 14.2821 8.7267e-3 
1 HS 12.8942 0.1468 0.0806 0.0662 
1 HS 10.2597 0.0419 0.0351 6.8208e-3 
1 HS 28.5087 0.1067 0.0549 0.0518 
1 HS 7.4393 0.1117 0.0427 0.0690 
1 HS 8.3987 8.4945e-4 1.2596e-4 7.2348e-4 
1 HS 32.0044 0.0193 0.0118 7.5813e-3 
1 HS 34.3613 0.0184 
1 HS 29.1548 0.0704 0.0361 0.0343 
1 HS 33.8787 0.0100 5.8845e-3 4.1227e-3 
1 HS 27.8083 2.2666e-3 6.4168e-4 1.6249e-3 
1 HS 22.4528 
1 HS 37.1180 5.7363e-3 1.7473e-3 3.9891e-3 
1 HS 19.2104 0.0377 
1 HS 10.6161 
1 HS 12.6124 
1 HS 22.0379 0.0352 0.0153 0.0199 
1 HS 13.4252 
1 HS 6.7853 7.9813e-4 1.5963e-4 6.3851 e-4 
1 U§ 51.0300 0.0621 0.0478 0.0143 
1 U 25.1985 0.0539 
1 U 15.1034 0.0589 
1 U 31.3074 4.5965e-3 1.9447e-3 2.6518e-3 
1 U 3 8.7466 
1 U 44.2453 4.2714e-3 7.1635e-3 -2.8921 e-3 
1 U 13.0641 0.0445 
1 U 9.6328 0.0453 0.0417 3.6059e-3 
1 U 3.8712 0.0146 5.3 5 3 Oe-3 9.2744e-3 
1 U 11.1927 
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1 U 20.4499 
1 U 7.1168 
1 U 12.0855 
1 U 12.9779 
1 U 36.1711 
1 U 26.5469 
1 U 14.2921 
1 U 16.1620 
1 U 20.6680 
1 U 14.7727 
1 U 19.1837 
0.0855 
0.0990 
0.05 79 
7.3344e-3 
0.0201 
6.5935e-3 
0.0212 
0.0313 
0.0102 
0.0301 0.0555 
0.0792 0.0198 
0.0340 0.0240 
4.9704e-3 2.3640e-3 
0.0395 -0.0194 
0.0113 -4.7318e-3 
0.0446 -0.0234 
0.03 5 6 -4.3160e-3 
9.0137e-3 1.1725e-3 
1 U 42.8422 3.1670e-3 2.7294e-3 4.3763e-4 
1 U 32.1646 0.0482 0.0335 0.0147 
1 U 29.5630 
1 U 11.6796 1.0003 e-3 
1 U 10.4921 
1 U 14.0887 7.4950e-4 1.8481e-3 -1.0986e-3 
1 U 15.6827 
1 U 14.6773 0.0442 0.0344 9.8032e-3 
1 U 14.0894 0.0161 0.0131 2.9565e-3 
1 U 12.2969 0.0110 0.0102 8.0199e-4 
1 U 8.1812 
1 U 34.9755 
1 U 25.6589 
1 U 14.2651 
1 U 12.4757 
1 U 3 3.2402 
1 U 22.4629 
1 U 23.5717 
1 U 55.3060 
1 U 10.5810 
1 U 40.2457 
1 U 9.2954 
1 U 5.7965 
1 U 8.9843 
1 U 5.4890 
1 U 17.6920 
1 U 8.5931 
1 U 9.6802 
1 U 10.2779 6.9664e-3 7.0769e-3 -1.105 8e-4 
1 U 47.0295 
1 U 21.3552 
1 U 8.9829 
1 U 6.9913 
1 U 40.7502 0.0228 9.4883e-3 0.0133 
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1 U 24.5420 0.1307 0.0563 0.0744 
1 U 32.2841 
1 U 44.3856 0.0102 7.0283e-3 3.1574e-3 
1 U 24.9988 
1 U 40.0480 
1 U 10.1388 
1 U 5.645 8 2.3181 e-4 2.3 5 OS e-4 -3.2466e-6 
1 U 7.6719 
1 U 6.3212 
1 U 10.9642 
1 U 9.2283 
1 U 16.8131 1.3262e-3 
1 U 12.3072 
1 U 31.7633 1.5424e-3 
1 U 28.0050 
1 U 0.0170 3.9231e-3 0.0131 
1 U 13.4799 
1 SR¶ 8.2028 0.0921 0.1028 -0.0108 
1 SR 34.3912 0.1078 0.1493 -0.0415 
1 SR 22.6457 0.0797 0.0804 -7.1174e-4 
1 SR 16.1323 0.0325 0.0713 -0.0388 
1 SR 79.6692 0.0416 9.5545e-3 0.0320 
1 SR 34.0885 
1 SR 5.4908 0.1093 0.1817 -0.0724 
1 SR 5.6915 0.3334 0.1662 0.1672 
1 SR 19.2300 0.6078 0.2688 0.3390 
1 SR 20.4397 0.1104 0.3671 -0.2567 
1 SR 10.0319 0.1869 0.1469 0.0399 
1 SR 16.6401 0.1501 0.1501 0.0000 
1 SR 6.5921 0.4079 0.3926 0.0153 
1 SR 41.2897 0.0872 0.1263 -0.0391 
1 SR 33.2335 0.1825 0.1473 0.0352 
1 SR 27.0324 0.0706 0.0820 -0.0114 
1 SR 0.1474 0.0864 0.0610 
1 SR 29.7494 0.0184 0.0589 -0.0406 
1 SR 7.9872 0.0877 0.0494 0.0383 
1 SR 23.6728 
1 SR 53.9110 0.1755 0.1058 0.0697 
1 SR 20.0629 
1 SR 48.4933 
1 SR 14.9888 0.0673 0.0290 0.0383 
1 SR 6.4916 
1 SR 6.7939 0.1583 0.1084 0.0500 
1 SR 20.2716 4.9746e-4 8.8832e-5 4.0863e-4 
1 SR 17.5719 
65 
1 SR 15.2847 
1 SR 15.6867 
1 SR 9.7770 
1 SR 43.4544 
1 SR 32.9259 
1 SR 30.6632 
1 SR 41.1157 
1 SR 24.6803 4.5906e-4 7.6510e-5 3.8255e-4 
1 SR 14.7837 6.2552e-3 
1 SR 47.5596 
1 SR 13.5952 0.0687 0.0141 0.0545 
1 SR 35.1666 0.0496 0.0330 0.0165 
1 SR 55.5029 0.0756 0.0364 0.0391 
1 SR 37.6266 9.2708e-3 4.0251 e-3 5.2456e-3 
1 SR 4.2976 
1 SR 3.7951 
1 SR 8.9969 
1 SR 16.8856 
1 SR 4.4888 
1 SR 10.1710 
1 SR 13.2774 0.1600 0.05 5 8 0.1042 
1 SR 47.2433 
1 SR 46.4489 
1 SR 42.2409 
1 SR 53.8946 
1 SR 36.5817 
1 SR 6.2884 0.0194 0.0127 6.6229e-3 
1 SR 33.2868 7.1580e-4 
1 SR 8.7000 2.2457e-3 
1 SR 28.3230 
1 SR 51.5965 0.0102 4.2844e-3 5.9398e-3 
1 SR 40.1719 5.6290e-3 1.9494e-3 3.6795e-3 
1 SR 5.7954 0.0101 
1 SR 13.825 8 0.0171 
1 SR 27.2096 0.2168 
1 SR 11.8622 
1 SR 4.3118 
1 SR 8.6370 7.7685e-4 
1 SR 11.9874 0.3198 0.3048 0.0149 
1 SR 37.4707 6.2355e-4 
1 SR -1.0293 0.0617 2.2147e-3 0.0595 
1 SR 24.3698 
1 SR 38.5346 3.6331e-4 
1 SR 32.8574 
1 SR# 1.3241 0.1239 0.2947 -0.1708 
66 
1 SR 11.9700 0.1342 
1 SR 22.7511 0.1183 
1 SR 11.6031 0.5347 
1 SR 19.0679 0.0772 
1 SR 19.1834 0.0208 
1 SR 15.8291 0.8338 
1 SR 17.9377 0.5362 
1 SR 31.3847 0.3344 
1 SR 6.7676 0.1816 
1 SR 6.2987 0.1688 
1 SR 34.8302 0.0316 
1 SR 10.9967 0.2073 
1 SR 21.1640 0.2404 
1 SR 11.5734 0.2453 
1 SR 24.2479 0.7867 
1 SR 24.0892 0.1226 
1 SR 19.8960 
1 SR 13.4892 
0.1608 -0.0266 
0.0830 0.0353 
0.4154 0.1193 
0.1125 -0.0353 
6.1853e-3 0.0146 
0.9007 -0.0669 
0.3269 0.2093 
0.2327 0.1017 
0.1845 -2.9291e-3 
0.1929 -0.0241 
0.0250 6.5955e-3 
0.2721 -0.0648 
0.1901 0.0503 
0.1827 0.0626 
0.7778 8.9273e-3 
0.1316 -9.0414e-3 
1 SR 8.3941 0.1954 0.0780 0.1174 
1 SR 34.9633 0.1505 0.3578 -0.2074 
1 SR 13.7814 0.1108 0.0405 0.0702 
1 SR 17.0889 0.1886 0.1242 0.0644 
1 SR 35.5733 0.0718 0.1098 -0.0380 
1 SR 12.8878 
1 SR 21.8639 
1 SR 17.8911 0.0771 0.0651 0.0121 
1 SR 8.6870 0.0575 0.0313 0.0262 
1 SR 9.6913 
1 SR 6.3917 
1 SR 10.3 818 0.0340 
1 SR 19.4591 0.1206 0.0307 0.0899 
1 SR 9.3995 0.1355 0.0847 0.0508 
1 SR 35.1000 0.0228 0.0401 -0.0173 
1 SR 35.7250 0.0530 0.0438 9.2540e-3 
1 SR 30.6647 0.3437 0.2562 0.0876 
1 SR 18.1773 0.0556 0.0265 0.0291 
1 SR 11.1888 0.0184 
1 SR 40.5675 0.0865 0.0584 0.0280 
1 SR 33.7747 0.1727 0.0497 0.1230 
1 SR 25.8535 0.0841 0.0390 0.0451 
1 SR 49.3162 0.0181 4.6973e-3 0.0134 
1 SR 21.3722 
1 SR 15.1765 
1 SR 29.2663 
1 SR 6.6890 
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1 SR 8.4894 
1 SR 10.8842 
1 SR 12.0927 
1 SR 18.7709 
1 SR 9.4867 
1 SR 3 7.6000 
1 SR 27.8861 
1 SR 31.0581 
1 SR 15.7200 
1 SR 8.4211 
1 SR 18.8005 
1 SR 17.1317 
1 SR 29.8108 
1 SR 65.1734 
1 SR 18.2680 
1 SR 13.2196 
1 SR 16.6492 
1 SR 8.0583 
1 SR 6.243 8 0.0180 
1 SR 5.8371 
1 SR 12.8949 1.8055e-3 
1 SR 15.7351 0.0153 
1 SR 6.6687 
1 SR 33.0739 
1 SR 7.4573e-3 2.0837e-3 5.3737e-3 
1 SR 30.0554 
1 S Ctt 17.3 824 1.1022e-3 
1 SC 3.8856 0.4586 0.4586 0.0000 
0.0479 
0.0146 
0.0168 
4.2634e-3 
9.9289e-3 
0.0157 
7.7980e-4 
0.0614 
6.8730e-4 
0.0226 
1 SC 1.8453 0.0191 
1 SC 48.3067 
1 SC 22.2859 0.0710 
1 5C 26.3611 0.1409 
1 SC 31.0501 0.0599 
1 SC 2.6954 0.0676 
1 SC 20.3032 0.0816 
1 S C 5 3.4423 0.0921 
1 SC 29.5190 0.1998 
1 SC 17.3383 0.0296 
1 SC 25.7639 0.0803 
1 SC 5.7942 0.1122 
1 SC 9.7985 0.0640 
1 SC 18.3706 0.1921 
1 SC 27.7903 0.2741 
1 SC 40.8000 1.8887 
1 5 C 6.1923 0.1426 
2.8359e-3 0.0451 
0.0132 3.5989e-3 
4.8848e-3 -6.2137e-4 
1.7856e-3 8.1433e-3 
4.8658e-4 0.0152 
0.0575 3.9141 e-3 
7.5515e-3 0.0150 
0.0459 0.0251 
0.1267 0.0142 
0.0638 -3.8659e-3 
0.0431 0.0245 
0.1246 -0.043 0 
0.0744 0.0177 
0.1885 0.0114 
0.0482 -0.0186 
0.0935 -0.0132 
0.1028 9.3487e-3 
0.0966 -0.0326 
0.1373 0.0548 
0.2639 0.0103 
1.0788 0.8099 
0.0921 0.0504 
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1 SC 5.8918 0.3097 
1 SC 8.2934 
1 SC 38.3597 0.2053 
1 SC 20.6752 4.6546e-3 
1 SC 39.5604 
1 SC 25.9818 
1 SC 18.2662 0.0579 
1 SC 14.7823 0.0875 
1 SC 0.0163 
1 SC 25.7614 0.1577 
1 SC 27.2659 0.2320 
1 SC 22.3586 0.0615 
1 SC 5.7933 
1 SC 7.9800 0.0249 
1 SC 19.0704 0.0899 
1 SC 35.8498 0.1127 
1 SC 45.8335 0.4958 
1 SC 27.2618 0.0978 
1 SC 9.8802 0.1805 
1 SC 9.3925 0.1193 
1 SC 53.5251 0.1202 
1 SC 24.2733 0.0740 
1 SC 57.0658 0.0284 
1 SC 23.8571 
1 SC 13.7752 
1 SC 13.3853 
1 SC 34.6775 
1 SC 17.7991 
1 SC 33.0570 
1 SC 21.3850 0.0205 
1 SC 5.0893 0.0812 
1 SC 7.4944 0.0467 
1 SC 21.8661 0.0262 
1 SC 26.0388 
1 SC 6.6853 
1 SC 8.4107 0.0675 
1 SC 7.2642 
1 SC 5.5564 0.0140 
1 SC 52.0806 2.7336e-3 
1 SC 25.7562 
1 SC 63.6618 
1 SC 25.5145 
1 SC 6.5051 
1 SC 9.5809 
1 SC 37.7102 
0.1027 0.2070 
0.2049 3.9400e-4 
3.2822e-3 1.3724e-3 
0.0850 2.4410e-3 
0.0105 5.7490e-3 
0.1303 0.0274 
0.15 82 0.073 8 
0.0239 0.0376 
3.3933e-4 
0.0105 0.0144 
0.093 8 -3.9654e-3 
0.0810 0.0318 
0.3091 0.1866 
0.0520 0.0458 
0.1429 0.0377 
0.0138 0.1056 
0.0580 0.0621 
0.0691 4.8824e-3 
0.0108 0.0176 
0.0143 6.1881e-3 
0.0403 0.0409 
0.1218 -0.0751 
0.0154 0.0109 
0.0452 0.0223 
5.6338e-3 8.4150e-3 
7.7966e-4 1.9540e-3 
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1 SC 15.8754 
1 SC 6.7878 
1 SC 
1 SC 12.2125 0.0881 
1 SC 11.0434 0.0135 
1 SC 26.8725 3.9219e-3 
1 SC 35.4251 
1 SC 50.7214 
2 HS 12.0746 0.0235 9.6893e-3 0.0138 
2 HS 8.3916 0.1590 0.0747 0.0842 
2 HS 12.8826 0.0626 
2 HS 7.0830 0.0846 
2 HS 8.6805 0.0674 0.0282 0.0392 
2 HS 45.4750 0.1613 8.3768e-3 0.1529 
2 HS 19.5882 0.1397 0.1125 0.0272 
2 HS 19.8980 0.0159 0.0140 1.9295e-3 
2 HS 24.8702 0.1875 0.0720 0.1155 
2 HS 15.0721 0.1052 5.4250e-3 0.0998 
2 HS 29.3750 
2 HS 29.7911 1.7245e-3 1.3937e-3 3.3087e-4 
2 HS 23.4730 0.0786 8.4996e-3 0.0701 
2 HS 5.3965 
2 HS 8.5850 5.2273e-3 
2 HS 20.5887 0.0467 
2 HS 8.1988 0.0337 4.9910e-3 0.0287 
2 HS 4.4912 
2 HS 13.1934 4.7040e-3 3.6233e-3 1.0806e-3 
2 HS 108.2376 
2 HS 147.4410 1.4876e-3 1.2998e-3 1.8775e-4 
2 HS 49.4852 
2 HS 85.1957 
2 HS 275.6208 0.0332 0.0268 6.3701 e-3 
2 HS 13.6884 
2 HS 21.8781 5.6909e-3 2.9809e-3 2.7099e-3 
2 HS 31.5889 
2 HS 26.9906 
2 HS 22.7829 
2 HS 33.7814 
2 HS 18.7878 0.0207 0.0105 0.0102 
2 HS 6.4974 6.1179e-4 1.3828e-4 4.7351e-4 
2 HS 14.1773 
2 HS 19.3767 0.0356 0.0234 0.0122 
2 HS 15.2809 0.0203 9.8577e-3 0.0105 
2 HS 7.3000 0.0533 0.0520 1.2988e-3 
2 HS 9.4721 3.9200e-3 2.8252e-3 1.0948e-3 
70 
2 HS 5.4835 8.4680e-3 
2 HS 14.4487 6.0438e-3 
2 HS 14.4689 5.4901e-3 
2 HS 4.4991 
2 HS 32.3979 0.0179 9.0207e-3 8.8328e-3 
2 HS 25.4593 0.0155 9.7986e-3 5.7087e-3 
2 HS 25.4873 3.1030e-4 
2 HS 21.4603 1.7221 e-3 5.95 51 e-4 1.1266e-3 
2 HS 20.4816 1.5930e-3 6.7518e-4 9.1782e-4 
2 HS 25.5000 
2 HS 22.4562 0.0470 0.0402 6.8069e-3 
2 HS 20.4662 4.9510e-3 1.4530e-3 3.4980e-3 
2 HS 9.4796 7.9329e-3 1.3222e-3 6.6108e-3 
2 HS 13.5128 
2 HS 19.5000 
2 HS 7.4876 
2 HS 6.4848 3.2617e-3 
2 HS 11.3966 0.0358 0.0236 0.0123 
2 HS 0.0843 0.0589 0.0253 
2 HS 12.8678 0.0630 0.0579 5.1276e-3 
2 HS 4.8868 4.4473e-3 
2 HS 8.7956 5.3420e-3 2.2065e-3 3.1355e-3 
2 HS 36.9077 2.4046e-3 1.4798e-3 9.2485e-4 
2 HS 8.6957 
2 HS 31.5558 0.0288 0.0199 8.8649e-3 
2 HS 24.7554 
2 HS 26.6573 
2 HS 24.2454 
2 HS 33.2186 
2 HS 26.1895 0.0344 0.0110 0.023 S 
2 HS 7.5890 0.0419 
2 HS 5.3970 0.0318 
2 HS 13.3786 0.0207 
2 HS 11.4925 0.0108 2.3 949e-3 8.3 821 e-3 
2 HS 2.1966 
2 U 23.8048 0.1616 0.1057 0.0559 
2 U 12.0722 3.4108e-3 1.9678e-3 1.4430e-3 
2 U 16.4745 0.0684 0.0318 0.0366 
2 U 34.1283 0.0204 0.0170 3.3831e-3 
2 U 30.3378 0.0165 0.0153 1.1849e-3 
2 U 3 3.343 3 8.3 849e-3 7.1145 e-3 1.2704e-3 
2 U 9.9865 1.3943e-4 3.6793e-5 1.0263e-4 
2 U 47.9808 7.8952e-4 
2 U 4.7978 
2 U 5.2923 
3.8853e-3 4.5827e-3 
3.4536e-3 2.5902e-3 
3.7646e-3 1.725 5 e-3 
71 
2 U 12.7974 7.2725e-3 3.8308e-3 3.4417e-3 
2 U 9.7814 
2 U 7.1917 1.2212e-3 
2 U 22.1745 
2 U 27.4629 
2 U 22.1845 1.0348e-3 2.1304e-4 8.2174e-4 
2 U 14.3 813 0.01 OS 1.9851 e-3 8.5361 e-3 
2 U 4.3985 8.2773e-4 
2 U 246.0678 
2 U 12.2816 
2 U 24.7666 
2 U 660.6679 
2 U 233.6313 
2 U 322.1973 
2 U 6.8924 
2 U 8.5901 3.1786e-3 1.7508e-3 1.4278e-3 
2 U 6.7915 
2 U 6.1957 
2 U 7.2920 2.5 875 e-3 2.3 824e-3 2.0511 e-4 
2 U 7.8886 
2 U 15.9657 
2 U 14.3784 
2 U 24.9713 
2 U 23.1572 
2 U 12.6860 
2 U 7.0890 
2 U 26.4405 0.03 86 0.0349 3.7371 e-3 
2 U 21.4624 3.2767e-3 2.3646e-4 3.0402e-3 
2 U 5.4825 
2 U 54.3 885 3.4892e-3 3.03 89e-3 4.5021 e-4 
2 U 33.3682 
2 U 56.3647 
2 U 16.4761 
2 U 13.4825 
2 U 6.4877 
2 U 16.4909 
2 U 11.4879 
2 U 12.4969 
2 U 12.4956 5.0018e-4 
2 U 6.4896 0.0114 4.4506e-4 0.0110 
2 U 26.4788 
2 U 22.4775 
2 U 6.4981 5.6923e-3 1.9629e-3 3.7294e-3 
2 U 12.4894 5.3398e-3 
2 U 5.4904 0.0142 1.8036e-3 0.0124 
72 
2 U 17.1657 0.0362 
2 U 23.8702 0.0396 
2 U 60.0490 
2 U 86.9348 1.4262e-3 
2 U 58.6592 
2 U 10.6898 
2 U 4.8922 
2 U 6.9829 
2 U 7.0869 
2 U 7.9900 
2 U 5.5989 
2 U 8.8787 5.7943e-3 
2 U 3.1925 0.0478 
2 U 24.2551 2.5900e-3 2.8462e-4 2.3054e-3 
2 U 24.3513 4.2472e-3 2.2775e-3 1.9697e-3 
2 U 14.2736 0.0185 0.0100 8.5002e-3 
2 U 14.2993 0.0418 
2 lOR 3.1974 0.0297 
2 l OR 18.9602 
2 l OR 7.3 860 0.0463 4.3154e-3 0.0420 
2 lOR 35.0807 
2 l OR 48.5006 0.0744 0.0531 0.0213 
2 lOR 43.6951 0.0319 0.0212 0.0106 
2 lOR 2.5955 3.3052e-4 
2 lOR 7.4959 7.2959e-3 5.6485e-3 1.6475e-3 
2 lOR 19.4747 2.5777e-3 1.7690e-3 8.0870e-4 
2 lOR 26.0000 
2 lOR 2.4973 3.8110e-3 
2 lOR 19.0924 3.8261e-3 
2 lOR 7.5867 0.0543 0.0482 6.0659e-3 
2 1 OR 104.8004 
2 lOR 29.3750 0.0315 0.0265 4.9564e-3 
2 l OR 17.3 844 
2 l OR 3 8.2943 0.01 OS 0.0119 -1.4223 e-3 
2 1 OR 2 9.8 642 
2 lOR 4.3998 5.7106e-3 
2 lOR 15.6922 
2 lOR 5.6889 0.0906 0.0620 0.0286 
2 lOR 23.1710 0.0297 0.0254 4.2688e-3 
2 lOR 37.2795 7.9389e-4 5.1695e-4 2.7694e-4 
2 lOR 25.9727 0.0297 0.0213 8.4211e-3 
2 l OR 2.7954 9.8850e-3 7.3149e-3 2.5701 e-3 
2 lOR 0.9996 0.0742 
2 lOR 6.5954 0.0276 6.4510e-3 0.0211 
2 l OR 15.5891 0.0433 0.0228 0.0205 
0.0270 9.1847e-3 
0.0237 0.0158 
8.7120e-4 S . 5499e-4 
73 
2 lOR 1.9977 
2 1 OR 2.7990 1.8931 e-3 
2 lOR 6.2946 0.1478 
2 l OR 14.8821 
2 lOR 102.0673 4.4005e-3 2.4938e-3 1.9066e-3 
2 lOR 31.1626 9.0966e-3 3.3491e-3 5.7475e-3 
2 lOR 26.1568 
2 lOR 27.3590 
2 1 OR 4.4910 
2 l OR 22.43 61 
2 l OR 8.4611 0.0750 0.0282 0.0468 
2 lOR 20.4908 
2 lOR 44.4134 
2 l OR 42.3201 
2 lOR 7.4865 8.7665e-3 
2 l OR 2.4991 1.4090e-3 1.6321 e-S 1.3927e-3 
2 lOR 6.4877 0.0472 1.5240e-3 0.0457 
2 l OR 31.4732 
2 lOR 2.4951 0.0140 1.8701e-3 0.0122 
2 1 OR 4.493 3 
2 lOR 7.4899 0.0511 0.0485 2.5357e-3 
2 lOR 61.4171 0.0162 3.7268e-3 0.0125 
2 l OR 185.1020 0.1357 0.0723 0.0634 
2 1 OR 28.5043 
2 lOR 49.4530 
2 lOR 22.4966 
2 lOR 4.1910 0.0822 
2 lOR 31.0503 
2 lOR 5.6983 0.2201 
2 lOR 39.5782 
2 1 OR 52.973 5 
2 lOR 41.2176 
2 lOR 0.2996 2.4865e-3 
2 lOR 4.5759e-3 
2 lOR 3.8965 
2 lOR 52.3372 
2 lOR 0.3993 
2 l OR 1.3992 
2 l OR 8.3 878 0.1069 0.0754 0.0315 
2 lOR 45.7177 2.2996e-3 
2 lOR 28.7043 0.-1654 0.0653 0.1002 
2 lOR 30.3499 
2 lOR 75.8710 
2 l OR 18.6627 
2 SR 9.993 5 0.1204 0.0715 0.0490 
9.1149e-4 9.8161 e-4 
0.1109 0.0369 
74 
2 SR 8.7859 0.1304 
2 SR 28.63 84 0.193 8 
2 SR 7.0834 0.3903 
2 SR 18.8915 0.0761 
2 SR 54.7631 2.3330e-4 
2 SR 50.7619 2.8708e-5 
2 SR 19.8821 
2 SR 14.6816 0.0350 0.0242 0.0108 
2 SR 4.7986 
2 SR 5.7986 0.0120 
2 SR 7.7852 
2 SR 4.2981 0.0234 0.0215 1.8728e-3 
2 SR 11.0867 0.0184 0.013 5 4.9020e-3 
2 SR 6.2959 4.5905e-3 
2 SR 26.8557 0.0297 0.0161 0.0136 
2 SR 40.3334 0.0145 6.4258e-3 8.0322e-3 
2 SR 32.8655 
2 SR 13.8750 0.0352 0.0317 3.4700e-3 
2 SR 5.7994 0.2690 
2 SR 25.6551 
2 SR 14.4971 0.3427 
2 SR 26.2580 0.4237 0.3983 0.0254 
2 SR 22.0801 
2 SR 10.2928 0.0879 0.0732 0.0147 
2 SR 7.5951 0.1683 
2 SR 28.7827 
2 SR 3.8957 
2 SR 9.6874 5.2969e-4 
2 SR 5.9949 0.0958 0.0879 7.8700e-3 
2 SR 5.5955 
2 SR 12.7942 0.0621 0.0414 0.0207 
2 SR 5.8920 9.2359e-3 2.8205e-3 6.4153e-3 
2 SR 23.0769 0.0595 0.0522 7.2858e-3 
2 SR 18.3706 0.0109 7.6431 e-3 3.2255e-3 
2 SR 23.1803 0.0111 
2 SR 12.4981 0.1182 0.0869 0.0314 
2 SR 12.4428 0.0626 0.0222 0.0404 
2 SR 28.4801 
2 SR 16.4876 0.1665 0.13 82 0.0283 
2 SR 43.2987 
2 SR 3 5.4965 0.0610 0.0414 0.0195 
2 SR 8.4856 0.0672 0.0547 0.0125 
2 SR 16.4992 0.0407 0.0175 0.0232 
2 SR 91.4817 
2 SR 4.4993 
0.0321 0.0984 
0.1583 0.0355 
0.3175 0.0727 
0.0420 0.0341 
4.8605e-S 1.8470e-4 
2.4683e-5 4.0252e-6 
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2 SR 46.4373 0.0225 
2 SR 11.4851 0.0446 
2 SR 9.5143 0.1178 
2 SR 10.4927 0.0163 
2 SR 7.5124 0.0824 
2 SR 46.4884 7.6847e-4 
2 SR 25.5026 0.2773 0.2551 0.0222 
2 SR 21.4485 2.3527e-3 1.4177e-3 9.3505e-4 
2 SR 9.4000 0.1075 
2 SR 10.8956 0.1007 
2 SR 21.8563 
2 SR 13.3866 0.1019 
2 SR 34.3862 8.7401e-4 3.6255e-4 5.1146e-4 
2 SR 30.7692 
2 SR 17.4799 6.0244e-4 9.8582e-5 5.0386e-4 
2 SR 20.0519 6.1464e-3 
2 SR 39.0863 
2 SR 0.7991 
2 SR 5.3995 1.0092e-3 5.7666e-5 9.5150e-4 
2 SR 5.5961 5.2659e-3 
2 SR 12.0897 9.4593e-3 
2 SR 10.6995 0.0594 
2 SR 3.5923 0.0165 
2 SR 20.7616 6.5994e-4 
2 SR 24.1529 0.0172 3.9443e-3 0.0133 
2 SR 13.6774 1.0427e-3 
2 SC 5.4874 0.5162 0.1812 0.3350 
2 S C 2.6943 0.5 3 47 0.043 5 0.4912 
2 SC 4.0947 0.6153 0.0142 0.6011 
2 SC 51.5742 0.3024 0.1596 0.1427 
2 SC 21.3925 0.1095 0.0875 0.0221 
2 SC 56.8148 0.1487 0.0333 0.1154 
2 S C 3 5.2471 
2 S C 5.6963 
2 SC 12.7866 2.4694e-3 2.4002e-3 6.9237e-5 
2 SC 37.2237 0.7018 0.5874 0.1144 
2 SC 26.3723 
2 SC 23.2942 
2 SC 20.4959 0.1782 0.1279 0.0503 
2 SC 3.9980 
2 S C 3.193 5 0.0401 
2 SC 14.0775 0.0749 0.0550 0.0199 
2 SC 19.3855 
2 SC 65.4607 0.1868 0.1318 0.0551 
2 SC 13.3806 
8.9906e-3 0.013 5 
0.0309 0.0868 
2.3382e-3 0.0139 
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2 SC 3.3978 0.1416 0.0283 0.1133 
2 SC 4.4984 
2 SC 46.4791 
2 SC 6.0881 0.3138 0.0908 0.2230 
2 SC 35.6911 
2 SC 27.9692 0.0850 0.0858 -7.5907e-4 
2 SC 8.4915 5.4543e-3 1.6475e-3 3.8068e-3 
2 SC 11.5896 
2 SC 13.7848 
2 SC 17.7929 0.0880 0.0732 0.0148 
2 SC 75.8672 
2 SC 12.1799 0.1380 0.0688 0.0693 
2 SC 3.9984 
2 SC 4.9930 
2 SC 15.1947 0.0497 0.0269 0.0228 
2 SC 22.8726 
2 SC 3.4979 9.2961 e-4 9.1 O l l e-4 1.9502e-5 
2 SC 69.3440 7.0182e-3 5.4427e-3 1.5755e-3 
2 SC 4.4903 0.0557 0.0122 0.0435 
2 SC 5.4866 0.1746 
2 SC 62.4095 0.0187 9.1385e-3 9.5247e-3 
2 SC 9.4697 0.0487 0.0288 0.0199 
2 5 C 49.3 052 1.1269e-3 8.493 Oe-4 2.7760e-4 
2 SC 36.4745 0.0683 0.0332 0.0351 
2 SC 13.4852 2.2305e-5 
2 SC 11.4897 0.0684 0.0122 0.0561 
2 SC 108.4404 0.0208 0.0159 4.8104e-3 
2 SC 21.4764 
2 SC 32.4789 
2 SC 19.5420 0.1478 0.0693 0.0785 
2 SC 3.5028 5.6129e-3 
2 S C 6.4974 0.13 3 8 
2 SC 19.4883 0.2253 0.0842 0.1411 
2 SC 38.5077 0.0653 0.0159 0.0494 
2 SC 64.5194 
2 SC 5.1878 0.0910 0.0110 0.0800 
2 SC 1.2974 0.2880 
2 SC 4.4980 0.5900 
2 SC 61.4294 0.0613 6.1333e-3 0.0552 
2 SC 23.8952 
2 SC 52.7681 0.0129 
2 SC 21.7826 
2 SC 6.6873 
2 SC 12.5805 
2 SC 31.6336 
77 
2 SC 
2 SC 
2 SC 
2 SC 
2 SC 
2 SC 
2 SC 
2 SC 
Hay for stockpile 
~ no value 
§ Ungrazed 
¶ 10 cm Rotational 
# 5 cm Rotational 
21.9967 
40.1819 
25.7051 
8.0899 
0.9977 
17.8991 
23.6740 
55.3308 
3.9444e-4 
0.0439 
0.0387 
0.1205 
0.0453 
0.0739 
0.0600 
tt 5 cm Continuous 
0.0225 
0.0223 
0.0514 
0.0376 
78 
APPENDIX II. 
Phosphorus concentrations in runoff from simulated rainfall at the Rhodes farm in 
central Iowa. 
Year Treatment Bray-1 P Total P in runoff Soluble P Particulate P 
0-5 cm depth (mg L-1) (mg L-1) (mg L-1) 
~mg kg 1) 
1 HST 16.14492 0.355 0.68 -0.325 
1 HS 7.676472 0.37 0.945 -0.575 
1 HS 8.602242 0.325 0.43 -0.105 
1 HS 8.253537 0.51 0.055 0.455 
1 HS 14.99626 . ~ 
1 HS 36.75296 
1 HS 29.00733 0.8575 1.135 -0.2775 
1 HS 35.7984 1.245 0.94 0.305 
1 HS 22.98816 0.89 0.63 0.26 
1 HS 28.43289 
1 HS 28.77676 0.845 0.95 -0.105 
1 HS 34.57678 1.065 1.19 -0.125 
1 HS 21.58058 0.815 0.955 -0.14 
1 HS 13.98322 0.605 0.47 0.135 
1 HS 15.57975 1.435 0.815 0.62 
1 HS 27.16469 1.005 0.815 0.19 
1 HS 15.49148 0.52 0.385 0.135 
1 HS 11.09834 0.67 0.845 -0.175 
1 HS 20.26757 1.273333 1.305 -0.03167 
1 HS 10.19083 2.075 1.245 0.83 
1 HS 14.18723 0.89 0.59 0.3 
1 HS 14.38561 
1 HS 12.08429 
1 HS 30.18943 0.875 1.12 -0.245 
1 HS 37.1517 
1 HS 32.77869 0.555 0.76 -0.205 
1 HS 21.37755 1.34 1.065 0.275 
1 HS 38.15421 0.483333 0.655 -0.17167 
1 HS 34.26402 
1 HS 25.98311 1.3 1.095 0.205 
1 HS 17.59824 0.568333 
1 HS 11.9982 0.3 825 0.86 -0.4775 
1 HS 19.68032 0.9275 0.75 0.1775 
1 HS 22.67846 0.205 0.765 -0.56 
1 HS 15.06986 0.325 0.3 0.025 
1 HS 10.29177 1.48 1.015 0.465 
1 HS 13.99161 
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1 HS 17.57188 0.52 
1 HS 19.47177 
1 HS 6.69197 
1 HS 12.39133 
1 HS 36.06754 0.364 
1 HS 21.34663 
1 HS 32.24518 
1 HS 26.14901 
1 HS 25.92353 
1 HS 3 3.67643 
1 HS 3 6.0243 5 
1 HS 30.08345 
1 HS 8.187718 0.56 
1 HS 17.18969 0.395 
1 HS 29.85671 
1 HS 46.9225 8 
1 HS 14.28215 0.13 
1 HS 12.8942 1.075 
1 HS 10.25974 0.615 
1 HS 28.50873 0.88 
1 HS 7.439256 0.785 
1 HS 8.398662 1.315 
1 HS 32.00439 0.74 
1 HS 34.36128 0.3 
1 HS 29.15481 1.12 
1 HS 3 3.87869 1.42 
1 HS 27.80829 1.095 
1 HS 22.45285 
1 HS 37.11803 0.87 
1 HS 19.21039 0.515 
1 HS 10.61611 
1 HS 12.61243 
1 HS 22.03788 0.46 
1 HS 13.42523 
1 HS 6.78525 0.3 
1 U§ 51.03 0.65 
1 U 25.19845 0.6 
1 U 15.10336 0.39 
1 U 31.30741 0.65 
1 U 3 8.74663 
1 U 44.24529 0.48 
1 U 13.06407 0.785 
1 U 9.632775 0.44 
1 U 3.871225 1.175 
1 U 11.19272 
0.405 0.115 
0.395 -0.031 
0.3725 0.0225 
0.59 
0.515 
0.453 
0.3 
0.195 
0.45 
0.575 
0.835 
0.31 
0.265 
0.2 
0.06 
0.5 
0.275 
0.805 
0.405 
0.43 
0.485 
0.1 
0.427 
0.485 
1.12 
0.29 
0.545 
0.585 
0.785 
0.605 
0.26 
0.24 
0.15 
0.375 
-0.325 
#VALUE ! 
0.035 
0.745 
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1 U 20.4499 1.28 
1 U 7.116797 0.5 5 
1 U 12.0855 0.52 
1 U 12.97794 0.605 
1 U 36.17106 0.31 
1 U 26.54691 0.425 
1 U 14.29214 0.185 
1 U 16.16202 0.5 8 
1 U 20.66796 0.695 
1 U 14.77267 
1 U 19.18369 
0.45 0.83 
0.44 0.11 
0.305 0.215 
0.41 0.195 
0.61 -0.3 
0.73 -0.305 
0.39 -0.205 
0.66 -0.08 
0.615 0.08 
1 U 42.84216 1.375 1.185 0.19 
1 U 32.16462 1.31 0.91 0.4 
1 U 29.56305 
1 U 11.67956 0.55 
1 U 10.49213 
1 U 14.08873 0.243333 0.6 -0.35667 
1 U 15.68275 
1 U 14.67725 1.195 0.93 0.265 
1 U 14.08943 1.765 1.44 0.325 
1 U 12.29693 0.205 0.19 0.015 
1 U 8.181183 
1 U 34.97552 
1 U 25.65895 
1 U 14.26505 
1 U 12.47567 
1 U 33.24017 
1 U 22.46294 
1 U 23.57171 
1 U 55.30598 
1 U 10.58095 
1 U 40.24567 
1 U 9.295352 
1 U 5.796522 
1 U 8.984278 
1 U 5.489022 
1 U 17.69204 
1 U 8.593125 
1 U 9.680156 
1 U 10.2779 0.315 0.32 -0.005 
1 U 47.02946 
1 U 21.35515 
1 U 8.982932 
1 U 6.991261 
1 U 40.75016 0.625 0.26 0.365 
81 
1 U 24.54196 0.975 0.42 0.555 
1 U 32.28413 
1 U 44.38564 2.855 1.97 0.885 
1 U 24.99875 
1 U 40.04797 
1 U 10.13885 
1 U 5.645766 1.785 1.81 -0.025 
1 U 7.671944 
1 U 6.32115 
1 U 10.96423 
1 U 9.228313 
1 U 16.8131 0.06 
1 U 12.30723 
1 U 31.7633 0.85 
1 U 28.00499 
1 U 0.455 0.105 0.35 
1 U 13.47989 
1 lOR¶ 8.202778 0.94 1.05 -0.11 
1 lOR 34.39122 0.975 1.35 -0.375 
1 lOR 22.64565 1.12 1.13 -0.01 
1 lOR 16.13233 0.312 0.685 -0.373 
1 lOR 79.66923 1.675 0.385 1.29 
1 lOR 34.08853 
1 lOR 5.490782 0.34 0.565 -0.225 
1 lOR 5.691503 1.725 0.86 0.865 
1 lOR 19.23 3.81 1.685 2.125 
1 1 OR 20.43 97 1.125 3.74 -2.615 
1 lOR 10.03191 1.1 0.865 0.235 
1 l OR 16.64011 1.5 1.5 
1 lOR 6.592089 1.87 1.8 0.07 
1 lOR 41.28968 0.86 1.245 -0.385 
1 lOR 33.23353 1.27 1.025 0.245 
1 lOR 27.03242 0.9 1.045 -0.145 
1 l OR 1.57 0.92 0.65 
1 l OR 29.74943 0.43 6667 1.4 -0.963 3 3 
1 lOR 7.98722 0.675 0.38 0.295 
1 lOR 23.67278 
1 lOR 5+3.91105 1.011667 0.61 0.401667 
1 lOR 20.06288 
1 lOR 48.49331 
1 lOR 14.98876 1.38 0.595 0.785 
1 lOR 6.491561 
1 lOR 6.793886 1.125 0.77 0.355 
1 lOR 20.27162 0.28 0.05 0.23 
1 lOR 17.57188 
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1 1 OR 15.28472 
1 lOR 15.68667 
1 1 OR 9.777024 
1 lOR 43.45437 
1 l OR 32.92592 
1 lOR 30.6632 
1 lOR 41.11571 
1 1 OR 24.68026 0.09 0.015 0.075 
1 lOR 14.78374 0.055 
1 lOR 47.55957 
1 lOR 13.59524 0.9 0.185 0.715 
1 lOR 35.16659 0.75 0.5 0.25 
1 lOR 55.50287 0.56 0.27 0.29 
1 lOR 37.62663 0.357 0.155 0.202 
1 l OR 4.29763 6 
1 lOR 3.795066 
1 lOR 8.996851 
1 lOR 16.88565 
1 lOR 4.488778 
1 lOR 10.17101 
1 lOR 13.27743 11.925 4.16 7.765 
1 l OR 47.243 31 
1 l OR 46.44891 
1 l OR 42.24086 
1 lOR 53.89461 
1 lOR 36.58171 
1 lOR 6.288367 0.38 0.25 0.13 
1 lOR 33.28678 1.135 
1 lOR 8.699995 1.6 
1 lOR 28.32301 
1 l OR 51.59649 1.05 0.44 0.61 
1 lOR 40.17192 3.465 1.2 2.265 
1 lOR 5.795364 0.34 
1 lOR 13.8258 0.645 
1 lOR 27.20959 2.335 
1 1 OR 11.8 6221 
1 1 OR 4.311808 
1 l OR 8.637044 0.855 
1 lOR 11.98741 1.93 1.84 0.09 
1 lOR 37.47068 0.345 
1 l OR -1.02928 0.975 0.03 5 0.94 
1 l OR 24.3 6979 
1 lOR 38.53459 0.095 
1 lOR 32.85743 
1 SR# 1.324124 0.45 1.07 -0.62 
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1 SR 11.96995 0.555 0.665 -0.11 
1 SR 22.75111 1.91 1.34 0.57 
1 SR 11.6031 1.725 1.34 0.385 
1 SR 19.06794 0.94 1.37 -0.43 
1 SR 19.1834 0.875 0.26 0.615 
1 SR 15.82913 3.05 5 3.3 -0.245 
1 SR 17.93771 4.01 2.445 1.565 
1 SR 31.3 8468 2.05 5 1.43 0.625 
1 SR 6.767631 0.62 0.63 -0.01 
1 SR 6.298662 0.665 0.76 -0.095 
1 SR 34.83023 1.005 0.795 0.21 
1 SR 10.9967 0.64 0.84 -0.2 
1 SR 21.16402 1.075 0.85 0.225 
1 SR 11.57338 0.96 0.715 0.245 
1 SR 24.24787 3.525 3.485 0.04 
1 SR 24.08916 1.22 1.31 -0.09 
1 SR 19.89602 
1 SR 13.48921 
1 SR 8.394124 1.115 0.445 0.67 
1 SR 34.96329 1.366667 3.25 -1.88333 
1 SR 13.7814 9.25 3.385 5.865 
1 SR 17.08889 2.4 1.58 0.82 
1 SR 35.57332 1.35 2.065 -0.715 
1 SR 12.88776 
1 SR 21.86392 
1 SR 17.89105 3.295 2.78 0.515 
1 SR 8.68697 1.8 0.98 0.82 
1 SR 9.691278 
1 SR 6.391691 
1 SR 10.38183 0.635 
1 SR 19.45914 1.02 0.26 0.76 
1 SR 9.39953 0.76 0.475 0.285 
1 SR 35.1 0.6775 1.19 -0.5125 
1 SR 35.72498 0.745 0.615 0.13 
1 SR 30.66474 2.08 1.55 0.53 
1 SR 18.17728 0.65 0.31 0.34 
1 SR 11.18881 0.295 0 0.295 
1 SR 40.5675 5 1.08 0.73 0.3 5 
1 SR 33.77467 1.875 0.54 1.335 
1 SR 25.85346 1.025 0.475 0.55 
1 SR 49.31616 6.8 1.765 5.03 5 
1 SR 21.37222 
1 SR 1 S .17648 
1 SR 29.26634 
1 SR 6.688963 
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1 SR 8.489388 
1 SR 10.88422 
1 SR 12.09274 0.845 
1 SR 18.77091 
1 SR 9.486719 0.16 
1 SR 37.6 0.875 
1 SR 27.88606 0.94 
1 SR 31.05 807 
1 SR 15.72 1.83 5 
1 SR 8.421053 1.615 
1 SR 18.80052 2.41 
1 SR 17.13173 1.02 
1 SR 29.81081 
1 SR 65.17336 1.32 
1 SR 18.26798 1.195 
1 SR 13.21959 
1 SR 16.64917 
1 SR 8.05 8315 
1 SR 6.243756 0.435 
1 SR 5.837081 
1 SR 12.89486 0.23 
1 SR 15.73505 0.365 
1 SR 6.668663 
1 SR 33.07393 
1 SR 0.34 
1 SR 30.05544 
1 5 Ctt 17.3 823 9 
1 SC 3.885571 1.74 
1 SC 1.845262 0.135 
1 SC 48.30673 
1 SC 22.28586 1.285 
1 SC 26.36111 1.39 
1 SC 31.05014 0.62 
1 SC 2.695418 1.35 
1 SC 20.30315 0.455 
1 SC 53.44226 1.875 
1 SC 29.51897 0.88 
1 SC 17.33833 0.445 
1 5 C 25.763 93 0.76 
1 SC 5.794206 0.42 
1 SC 9.79853 0.53 
1 SC 18.37061 1.77 
1 S C 27.79027 2.8 
1 SC 40.8 6.25 
1 S C 6.19226 2.5 3 
0.05 0.795 
0.6875 0.1875 
1.077 -0.137 
0.33 1.505 
0.05 1.565 
0.955 0.065 
0.4 0.795 
0.095 0.245 
0.01 
1.74 
0.83 0.455 
1.25 0.14 
0.66 -0.04 
0.86 0.49 
0.695 -0.24 
1.515 0.36 
0.83 0.05 
0.725 -0.28 
0.885 -0.125 
0.385 0.035 
0.8 -0.27 
1.265 0.505 
2.695 0.105 
3.57 2.68 
1.635 0.895 
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1 SC 5.891752 3.8 1.26 2.54 
1 SC 8.293365 
1 SC 38.35972 2.605 2.6 0.005 
1 SC 20.67519 2.425 1.71 0.715 
1 SC 39.56044 
1 SC 25.98181 
1 SC 18.26621 0.695 
1 SC 14.78226 1.075 1.045 0.03 
1 SC 2.065 1.335 0.73 
1 SC 25.76136 1.155 0.954 0.201 
1 SC 27.26592 3.52 2.4 1.12 
1 SC 22.3 S 864 0.7975 0.31 0.4875 
1 SC 5.793338 0 0.05 -0.05 
1 SC 7.98005 0.415 0.175 0.24 
1 SC 19.07044 1.02 1.065 -0.045 
1 SC 35.84981 1.1 0.79 0.31 
1 SC 45.83354 3.825 2.385 1.44 
1 SC 27.26183 1.67 0.8875 0.7825 
1 SC 9.88024 0.995 0.7875 0.2075 
1 SC 9.392486 0.953 0.11 0.843 
1 SC 53.52506 1.77 0.855 0.915 
1 SC 24.2733 3.26 3.045 0.215 
1 SC 57.06576 1.16 0.44 0.72 
1 SC 23.85706 
1 SC 13.7752 
1 SC 13.38528 
1 SC 34.67746 
1 SC 17.79911 
1 SC 33.05703 
1 SC 21.38503 1.655 1.155 0.5 
1 SC 5.089312 1.3 0.645 0.655 
1 S C 7.4943 79 0.65 1.695 -1.045 
1 SC 21.86611 0.41 0.24 0.17 
1 SC 26.03881 
1 SC 6.685292 
1 SC 8.410748 1.56 1.045 0.515 
1 SC 7.264189 
1 SC 5.556388 0.985 0.395 0.59 
1 SC 52.08063 1.42 0.405 1.015 
1 SC 25.75621 
1 S C 63.66177 
1 SC 25.51449 
1 SC 6.505121 
1 SC 9.580898 
1 S C 3 7.71024 
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1 SC 15.87539 
1 SC 6.787782 
1 SC 
1 SC 12.21252 0.92 
1 SC 11.04337 0.295 
1 SC 26.87253 0.235 
1 SC 35.42509 
1 SC 50.72138 
2 HS 12.07464 0.51 0.21 0.3 
2 HS 8.391608 1.255 0.59 0.665 
2 HS 12.88261 0.54 
2 HS 7.083001 0.55 
2 HS 8.680469 0.98 0.41 0.57 
2 HS 45.47499 1.54 0.08 1.46 
2 HS 19.58825 1.08 0.87 0.21 
2 HS 19.89801 0.785 0.69 0.095 
2 HS 24.87016 1.485 0.57 0.915 
2 HS 15.07212 2.91 0.15 2.76 
2 HS 29.37503 
2 HS 29.79106 0.86 0.695 0.165 
2 HS 23.47301 0.37 0.04 0.33 
2 HS 5.396492 
2 HS 8.5 84976 0.03 
2 HS 20.58868 0.495 
2 HS 8.19877 0.13 5 0.02 0.115 
2 HS 4.491242 
2 HS 13.1934 0.74 0.57 0.17 
2 HS 108.23 76 
2 HS 147.441 0.515 0.45 0.065 
2 HS 49.48515 
2 HS 85.19574 
2 HS 275.6208 1.275 1.03 0.245 
2 HS 13.68836 
2 HS 21.87812 1.68 0.88 0.8 
2 HS 31.58894 
2 HS 26.99055 
2 HS 22.78291 0 0 0 
2 HS 33.78142 0 0 0 
2 HS 18.78779 0.55 0.28 0.27 
2 HS 6.497401 0.73 0.165 0.565 
2 HS 14.17732 
2 HS 19.37675 0.615 0.405 0.21 
2 HS 15.2809 0.33 0.16 0.17 
2 HS 7.3 0.41 0.4 0.01 
2 HS 9.472057 1.11 0.8 0.31 
87 
2 HS 5.483549 0.425 
2 HS 14.44871 0.315 
2 HS 14.46889 0.35 
2 HS 4.4991 
0.195 0.23 
0.18 0.135 
0.24 0.11 
2 HS 32.39795 0.95 0.48 0.47 
2 HS 25.45927 0.91 0.575 0.335 
2 HS 25.48726 0.485 
2 HS 21.4603 1.07 0.3 7 0.7 
2 HS 20.48157 0.755 0.32 0.435 
2 HS 25.5 
2 HS 22.45621 1.9 1.625 0.275 
2 HS 20.46623 0.46 0.135 0.325 
2 HS 9.479619 0.36 0.06 0.3 
2 HS 13.51284 
2 HS 19.5 
2 HS 7.487645 
2 HS 6.484761 0.1 
2 HS 11.39658 0.38 0.25 0.13 
2 HS 0 0.715 0.5 0.215 
2 HS 12.86783 0.43 0.395 0.035 
2 HS 4.886806 0.1 
2 HS 8.795602 0.23 0.095 0.135 
2 HS 36.90773 0.455 0.28 0.175 
2 HS 8.695652 
2 HS 31.5 S 5 82 1.315 0.91 0.405 
2 HS 24.75544 
2 HS 26.65735 
2 HS 24.24545 
2 HS 33.21861 
2 HS 26.18952 0.33 0.105 0.225 
2 HS 7.588996 0.4 
2 HS 5.397032 0.59 
2 HS 13.37859 0.37 
2 HS 11.49253 0.045 0.01 0.035 
2 HS 2.196595 
2 U 23.80476 1.46 0.955 0.505 
2 U 12.07223 0.39 0.225 0.165 
2 U 16.47446 0.87 0.405 0.465 
2 U 34.12833 0.785 0.655 0.13 
2 U 30.33781 1.395 1.295 0.1 
2 U 33.34332 0.66 0.56 0.1 
2 U 9.986518 0.36 0.095 0.265 
2 U 47.98081 0.53 
2 U 4.797841 
2 U 5.292326 
88 
2 U 12.79744 1.215 0.64 0.575 
2 U 9.781415 
2 U 7.19173 0.01 
2 U 22.1745 
2 U 27.46293 
2 U 22.18447 0.34 0.07 0.27 
2 U 14.3813 0.265 0.05 0.215 
2 U 4.398461 0.13 
2 U 246.0678 
2 U 12.28158 
2 U 24.76657 
2 U 660.6679 
2 U 233.6313 
2 U 322.1973 
2 U 6.892418 
2 U 8.590121 0.935 0.515 0.42 
2 U 6.791511 
2 U 6.195663 
2 U 7.291979 0.82 0.755 0.065 
2 U 7.888562 
2 U 15.96567 
2 U 14.37843 
2 U 24.97128 
2 U 23.15716 
2 U 12.68605 
2 U 7.089012 
2 U 26.44051 0.465 0.42 0.045 
2 U 21.46244 0.485 0.035 0.45 
2 U 5.482456 
2 U 54.3885 0.93 0.81 0.12 
2 U 33.3682 
2 U 56.36472 
2 U 16.47611 
2 U 13.48247 
2 U 6.487673 
2 U 16.49093 
2 U 11.48794 
2 U 12.49688 
2 U 12.49563 0.005 
2 U 6.489617 0.385 0.015 0.37 
2 U 26.47882 
2 U 22.47752 
2 U 6.498051 0.29 0.1 0.19 
2 U 12.4893 8 0.25 
2 U 5.490392 0.395 0.05 0.345 
89 
2 U 17.16567 0.69 
2 U 23.87016 0.75 
2 U 60.04896 
2 U 86.93482 1.105 
2 U 5 8.6 5 922 
2 U 10.68984 
2 U 4.892173 
2 U 6.982892 
2 U 7.086889 
2 U 7.990012 
2 U 5.59888 
2 U 8.878691 0.03 
2 U 3.192498 0.305 
0.515 
0.45 
0.675 
0.175 
0.3 
0.43 
2 U 24.25 513 0.45 5 0.05 0.405 
2 U 24.3513 0.345 0.185 0.16 
2 U 14.27359 0.25 0.135 0.115 
2 U 14.29929 0.31 
2 l OR 3.197442 0.195 
2 lOR 18.96018 
2 lOR 7.385967 0.697 0.065 0.632 
2 l OR 35.08071 
2 lOR 48.50057 0.75 0.535 0.215 
2 l OR 43.69513 0.713 0.475 0.23 8 
2 lOR 2.595458 0.075 
2 lOR 7.495877 0.155 0.12 0.035 
2 l OR 19.47468 0.51 0.35 0.16 
2 l OR 26 
2 lOR 2.497253 0.065 
2 lOR 19.09236 0.385 
2 lOR 7.586723 3.49 3.1 0.39 
2 l OR 104.8004 
2 lOR 29.37503 0.54 0.455 0.085 
2 lOR 17.38435 0 0 0 
2 l OR 3 8.29426 0.295 0.3 3 5 -0.04 
2 l OR 29.86416 0 0 0 
2 lOR 4.39978 0.1 0 0.1 
2 lOR 15.69215 0 0 0 
2 lOR 5.688907 0.745 0.51 0.235 
2 lOR 23.17104 1.285 1.1 0.185 
2 lOR 37.2795 0.645 0.42 0.225 
2 l OR 25.97273 1.96 1.405 0.5 5 5 
2 lOR 2.795388 0.25 0.185 0.065 
2 lOR 0.99955 0.7 
2 lOR 6.595383 0.385 0.09 0.295 
2 l OR 15.58909 3.47 1.83 1.64 
90 
2 lOR 1.997703 
2 lOR 2.79902 0.54 0.26 0.28 
2 lOR 6.29465 0.893 0.67 0.223 
2 l OR 14.88214 
2 lOR 102.0673 3.095 1.754 1.341 
2 lOR 31.1626 3.11 1.145 1.965 
2 lOR 26.15684 
2 lOR 27.35896 
2 l OR 4.491018 
2 l OR 22.43 606 
2 lOR 8.461079 0.425 0.16 0.265 
2 lOR 20.49078 
2 l OR 44.41339 
2 l OR 42.32014 
2 lOR 7.486524 0.1275 
2 lOR 2.499125 1.295 0.015 1.28 
2 lOR 6.487673 0.465 0.015 0.45 
2 lOR 31.47325 
2 lOR 2.495134 0.225 0.03 0.195 
2 lOR 4.49326 
2 lOR 7.489889 0.705 0.67 0.035 
2 lOR 61.41709 1.09 0.25 0.84 
2 1 OR 185.102 2.045 1.09 0.955 
2 1 OR 2 8.5 042 8 
2 l OR 49.45302 
2 lOR 22.49663 
2 lOR 4.190989 0.49 
2 lOR 31.05032 
2 lOR 5.698291 2.93 
2 lOR 39.57823 
2 l OR 52.973 51 
2 lOR 41.21756 
2 l OR 0.2995 81 0.21 
2 lOR 0 0.4 
2 lOR 3.896493 0 
2 lOR 52.3372 
2 lOR 0.399341 
2 lOR 1.399161 
2 l OR 8.3 8783 8 0.695 0.49 0.205 
2 lOR 45.71771 0.515 
2 lOR 28.70431 1.09 0.43 0.66 
2 l OR 30.34992 
2 lOR 75.87102 
2 lOR 18.66267 
2 SR 9.993504 0.775 0.46 0.315 
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2 SR 8.785942 0.61 
2 SR 28.63 843 2.185 
2 SR 7.083354 2.495 
2 SR 18.8915 2.81 
2 SR 54.76309 0.72 
2 SR 50.76193 1.89 
2 SR 19.88211 
2 SR 14.68165 1.265 
2 SR 4.79856 
2 SR 5.79855 0.245 
2 SR 7.785208 
0.15 
1.785 
2.03 
1.55 
0.15 
1.625 
0.875 
0.46 
0.4 
0.465 
1.26 
0.57 
0.265 
0.39 
2 SR 4.298066 0.125 0.115 0.01 
2 SR 11.0867 0.225 0.165 0.06 
2 SR 6.295908 0.025 
2 SR 26.85569 0.73 0.395 0.335 
2 SR 40.33345 0.27 0.12 0.15 
2 SR 32.86549 
2 SR 13.87502 2.485 2.24 0.245 
2 SR 5.79942 1.495 
2 SR 25.6551 
2 SR 14.4971 4.09 
2 SR 26.25799 5.5 5.17 0.33 
2 SR 22.08013 
2 SR 10.2928 2.99 2.49 0.5 
2 SR 7.595063 1.59 #VALUE! 
2 SR 28.78273 0 0 0 
2 SR 3.895715 0 0 0 
2 SR 9.687406 0.41 
2 SR 5.994904 0.73 0.67 0.06 
2 SR 5.595524 
2 SR 12.79424 0.57 0.38 0.19 
2 SR 5.892046 0.835 0.255 0.58 
2 SR 23.07692 1.96 1.72 0.24 
2 SR 18.3 7061 1.5 5 1.09 0.46 
2 SR 23.1803 4.32 
2 SR 12.49813 0.735 0.54 0.195 
2 SR 12.44276 0.24 0.085 0.155 
2 SR 28.48006 
2 SR 16.48763 0.97 0.805 0.165 
2 SR 43.29866 
2 SR 3 S .49645 0.765 0.52 0.245 
2 SR 8.485575 0.94 0.765 0.175 
2 SR 16.49918 0.57 0.245 0.325 
2 SR 91.4817 
2 SR 4.499325 0 
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2 SR 46.43731 0.375 
2 SR 11.48507 0.225 
2 SR ~ 9.514271 0.685 
2 SR 10.49266 0.835 
2 SR 7.512395 0.4 
2 SR 46.48838 0.22 
2 SR 25.50255 5.74 
2 SR 21.44852 1.17 
2 SR 9.4 1.065 
2 SR 10.89564 1 
2 SR 21.85629 
2 SR 13.3 8661 0.875 
0.15 
0.18 
0.12 
5.28 
0.705 
0.225 
0.505 
0.715 
0.46 
0.465 
2 SR 34.38625 0.675 0.28 0.395 
2 SR 30.76923 
2 SR 17.4799 0.275 0.045 0.23 
2 SR 20.05188 0.345 
2 SR 39.08632 
2 SR 0.799121 
2 SR 5.39946 0.175 0.01 0.165 
2 SR 5.596083 0.1 
2 SR 12.08972 0.205 
2 SR 10.69947 0.353 
2 SR 3.592277 0.135 
2 SR 20.76159 0.68 
2 SR 24.1529 0.83 0.19 0.64 
2 SR 13.67743 0.3 3 5 
2 SC 5.487379 1.98 0.695 1.285 
2 SC 2.694342 2.58 0.21 2.37 
2 SC 4.094677 2.605 0.06 2.545 
2 SC 51.57421 1.61 0.85 0.76 
2 SC 21.39251 0.745 0.595 0.15 
2 SC 56.81478 1.095 0.245 0.85 
2 S C 3 5.24713 
2 S C 5.696297 
2 SC 12.78657 0.535 0.52 0.015 
2 SC 37.22369 8.99 7.525 1.465 
2 SC 26.37231 
2 5 C 23.29418 
2 SC 20.4959 1.045 0.75 0.295 
2 SC 3.998001 
2 SC 3.193453 0.26 
2 SC 14.07748 0.32 0.235 0.085 
2 SC 19.38546 
2 SC 65.46072 1.95 1.375 0.575 
2 SC 13.3806 
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2 SC 3.397791 0.725 0.145 0.58 
2 SC 4.498426 
2 SC 46.47908 
2 SC 6.088128 2.385 0.69 1.695 
2 SC 35.69108 
2 SC 27.96923 2.8 2.825 -0.025 
2 SC 8.491508 1.705 0.515 1.19 
2 SC 11.58957 
2 SC 13.78484 
2 SC 17.79288 1.305 1.085 0.22 
2 SC 75.86723 
2 SC 12.1799 1.335 0.665 0.67 
2 SC 3.998401 
2 SC 4.99301 
2 SC 15.19468 0.675 0.365 0.31 
2 SC 22.87255 
2 SC 3.497901 0.715 0.7 0.015 
2 SC 69.34398 0.49 0.38 0.11 
2 SC 4.490346 0.525 0.115 0.41 
2 SC 5.486558 0.835 
2 SC 62.40951 0.725 0.355 0.37 
2 SC 9.469697 1.21 0.71 S 0.495 
2 SC 49.30524 2.05 1.545 0.505 
2 S C 3 6.47447 0.3 7 0.18 0.19 
2 SC 13.48517 0.035 
2 SC 11.48966 0.475 0.085 0.39 
2 SC 108.4404 1.51 1.16 0.35 
2 S C 21.4763 8 
2 SC 32.47889 
2 SC 19.54202 1.12 0.525 0.595 
2 SC 3.502802 0.225 
2 S C 6.497401 0.5 9 
2 SC 19.48831 1.07 0.4 0.67 
2 SC 38.5077 0.78 0.19 0.59 
2 SC 64.51936 
2 SC 5.187809 0.785 0.095 0.69 
2 5 C 1.297405 1.615 
2 5 C 4.497976 2.8 
2 SC 61.42936 1.8 0.18 1.62 
2 SC 23.89522 
2 SC 52.76808 0.29 
2 SC 21.78257 
2 SC 6.687294 
2 SC 12.5805 
2 SC 31.63357 
2 SC 
2 SC 
2 SC 
2 SC 
2 SC 
2 SC 
2 SC 
2 SC 
~ Hay for stockpile 
~ no value 
§ Ungrazed 
¶ 10 cm Rotational 
# 5 cm Rotational 
tt 5 cm Continuous 
21.9967 
40.18192 
25.70514 
8.089888 
0.997705 
17.89911 
23.67396 
55.33084 
94 
0.29 
0.43 
0.245 
0.74 
0.32 
0.625 
1.76 
0.19 
0.655 
0.43 5 
1.105 
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